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I NTRODU CT I ON 
1 .  Statement of Probl em . 
It  has l on g  been rec ogn i zed that the transport o f  sed i ment i n  
water conveyance channe l s ,  s uc h  a s  ri vers , s treams and channe l s ,  i s  a 
serious  and somewhat baffl in g prob l em . . Not onl y does the transport of 
sed i ment affect  the wate r qua l i ty and depositi on i n  reservo i rs ,  but it 
a l so i nd i cates i ncreas ed erosion . I n  addit i on , the energy g i ven to 
the movement of sed i ment  i s  a 1 oss  of  energy from the water s tream 
i tse l f i nsofar  as  i ts fl ow ra te i s  concerned. The movement of sed i ­
ment  i s  a camp 1 ex prob  1 em . A n umber of method s have been deve 1 oped 
( e . g . , Toffa l et i , Einstein , Larson , Co l by ,  Shiel ds , Scho k l  i ts h , 
DuBoys , etc . ( 7 ) ) wh i ch compute sed i ment l oad . Al l of these formu l a e  
a n d  methods depend on  a n umber of sed i ment properti es;  t h e  most  
s i gn i f i cant be i ng s i ze of s ed i ment parti c l es , s ha pe o f  sed i ment 
parti c l es , s pec i fi c  we i ght  of  sedi ment parti c l es , and  fa l l  vel o c i ty of  
sed iment partic l es .  Fa l l  ve l oc i ty may be defi ned as  the vel oc i ty at  
wh i ch a sed i ment  parti c l e fa l l s  th rough  a fl u i d .  It is  one  of  the 
pri mary factors in dete rmina t i on of sed i ment 1 oad . Fa 1 1  ve 1 oc i ty is 
cons idered by many to be the most  fundamental of  these  properti es  fo r 
a number of reason s .  For  instance , it  i s  an  indi cator of  a part i c l e•s 
s i ze and wei ght  s i nce the l arger and  heav i er a parti c l e i s ,  the fa ster  
i t  fa l l s  through a fl uid .  I t  a l so can  be  u seful  i n  ca l c u l at i ng  
retenti on ti mes in  settl ing ba sin s  and  predi cti ng  the  l ocat i on of  
sed i ment deposits i n  a re servoir . 11 It ·has a l so been determi ned that 
2 
the fa l l ve l oc i ty of  a partic l e i s  direct ly  re l ated to the  stream 
ve l oci ty req u i red to move part i c l e s  a l ong a stream bed . The mo st  
-i mpo rtant" app l i cation of  fal l ve l oc i ty is  i ts use i n  the  prev i ous l y  
ment i oned formu l ae for comput i ng  s ed i ment tra nsport l oad 11 ( 3) . 
2. Pu rpose . 
It is the purpose of  this thes i s  to a na lyze fa l l ve l ocity a nd 
to present an  improved compute r program for the ca 1 cu l  at  i on o f  fa 1 1  
vel ocities for a wi de range o f  temperatut"e , s pec i fi c  gravity , s ha pe 
factor and diameter . It wil l meet the fo l l owing cri teri a :  
1 .  Extension of  the p revious  computer program giv i n g 
accurate resu l ts for a wider ra nge of parti c l e size 
( 3).  
2 .  Test i ng  o f  the extended computer program resul ts 
aga i nst  R . E .  S l ot eq uation i ntroduced in this thesi s .  
3 .  Conversion of  the previous computer pr.og ram to 
opera te i n  Micro soft BAS IC for IBM PC . 
3 .  Procedu re . 
pa rts: 
The gene ra l  procedure for th i s  s tudy i ncl udes four  majo r 
1. Reviewi ng current l iterature for exi sting theori es  
a nd hypotheses , making a thoroug h eva l uation of all 
questionab l e points in the a na l ys i s. 
2 .  Prov i d i ng a reasonab l e  computer program to deter­
mi ne fall veloc i ty of natura l l y  worn parti c l es .  
3.  Di scus s i ng a n d  compari n g  the resu l ts , i nd i cati ng 
the  percent devi ati on  among  the methods used i n  the 
computer pro gram .  
4 .  Conc l u s i on and recommenda t i on fo r future s tudy .  
3 
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BACKGROUND  I N FORMATION 
Previous Work 
Vari ous attempts have been made to devel op a genera l  expre s ­
sion for the fa l l  vel oc i ty o f  s pheres  in a v i scous fl u i d  ( Rubey , 
Sonn�u , S l ot , etc . ( 6 ) ) .  A l l of  t hese.expres s ions  and  formu l ae s how a 
l ac k  of accuracy and/or a re restri cted  to a re l ati vel y sma l l range of  
Reynol d s  numbers , s hape or  s pec i fied parti c l e s i zes .  
Ana lys i s of  Fa l l Vel oc i ty 
Fa l l  ve l oc i ty of a part i cl e i s  a broad su bject because  of  the  
w i de range of parti c l e s i zes , and  the  comp l ex na�ure of the  hydro ­
dynami c and phys i ochemi ca l p henomena wh i ch govern parti c l e behav i o�.  
The present ana l ys i s  i s  l i mi ted  to a s pheri cal  parti c l e of  d i ameter d 
fa l l i ng  through a fl u i d .  The fo l l ow i n g  a ssumpti ons must  b e  made ( 3 ) :  
1.  The fl u i d i s  of u n i form den s i ty and vi scos i ty .  
2 .  The parti c l e i s  re l ea s ed at  zero ve l oc i ty i n  a 
qu i e scent fl u i d  of i nfi n i te extent . 
3 .  Shortl y after re l ea se , t he parti c l e f�l l s  stra i ght 
downward and does not accel e rate . 
Let a parti c l e be rel ea s ed at  rest i n  a qui escent fl u i d o f  
. i nfi n i te extent .  Its i n i t i al accel e ra t i on w i l l  b e  do�nward due to 
grav i ty unti l an equ i l i bri um o r  termi na l vel oc i ty i s  reached . At 
equi l ibri um , there i s  no acce l era t i o n  and  the a s s umpti on number  three  
is  met .  When a l l of thes e a s sumpt i o n s  are met , the res i stance ·  fo rce 
5 
eq ua l s the di fference between  the we i g ht  of pa rt i cl e a nd the buoyant  
fo rce . 
(1) 
The res i sta nce force , a l so  known a s  the dra g  fo rce , ca n i n  
genera l be expressed i n  terms o f  a dra g  coeffi c i ent c
0 
FR = ( C0) ( TI/4
) ( d2 ) (p ) (w2i2) (2) 
where d i s  the sphere d i amete r ,  p i s  the dens i ty of  the fl u i d ,  a n d  w 
i s  the termi na l fa l l  ve l oc i ty of the pa rt i cl e ( i n  th i s  thes i s the 
terms "fa l l vel oc i ty" a nd 11termi nal  ve l oc i ty11 w i l l  be used i nter­
cha ngeab ly ) . I f  w i s  known , then  c0 can be determi ned from F i gure 1 .  
At very sma l l Reyno l ds numbers ( Re < 1 ,  wh i ch occurs i f  e i ther 
the pa rti c l e  i s  very sma l l ,  s uch  as a du st parti cl e or  the fl u i d 
vi s�os i ty i s  very l arge , a s  i n  hea vy o i l ) ,  a d i fferent express i on i s  
a l so va l i d for the res i stance  fo rce . In 1846 , S i r George Sto kes ( 3},  
a s s umi ng a very s l ow and steady movi ng s phere i n  an  i nfi n i te fl u i d ,  
deve l oped the formu l a  
FR = 3Tipvwd (3 )  
where v i s  the fl u i d  v i sco s i ty comb i ned wi th Equa t i on ( 2) , th i s  g i ves 
a drag coeffi c i e nt of 
c0 = 24/ Re ( 4 )  
I n  th i s  range ( Re < 1 ) , Equat i on ( 1 )  i s  s i mp l i fi ed a nd rea rrangeme n t  
g i ves the termi nal  fa l l  vel oc i ty 
w = ( d2/ 18v}( p5/p  - 1 ) g  ( 5 )  
where g i s  the grav i ta ti ona l  consta nt .  As ca n be seen from F i gu re 1 ,  
the Stokes equati on s hou l d be app l i ed o n l y  when the Reyno l ds number i s  
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F i gure 1 . Dra g Coeff i c i ent  vs . Reynolds N umber for 
Sp heres and  Di sks . ( from Reference 4. ) 
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The Stokes equa t i on  i s  l i mi ted to the l ower range of  Reyno l ds 
number because  i t  negl ects the  i nert i a  terms comp l ete ly  and on l y ta kes  
i nto account the · i nfl uence of  the v i s cos i ty as the pa rt i c l e moves 
throug h  a fl uid . Many scienti sts ( Oseen , Go l dstei n ,  Sha nks , Stewa rt­
s o n ,  Va n Dyke ,  etc . ) have  deve l oped eq uat i ons that at l ea st  pa rti al l y  
cons i der the i nerti a terms i nc l uded i n  the i r s o l uti on . However , no ne 
of these  formu l ae pred i ct very accurate l y  the drag  coeffi c i ent  beyond 
Re = 2 ( 1 ) . 
I n  the above d i scu s s i on ,  i t  was s hown that at Re > 2 the drag 
coeffi c i ent cu rve  i n  F i gure 1 has  to be used . To s i mp 1 i fy the pro -
cedu re , several i nves ti gato rs s uch  a s  Sch i l l er ,  Da l l a val l e ,  Toroh i n ,  
etc . ( 1 ) , ha ve establ i s hed  empi r i cal re l ati ons h i ps. On l y  one procedu re 
wi l l  be menti o ned  he re . 
In order to obta i n  a genera l equati on  to determi ne term i na l  
fa l l  vel oc i ty for a l l Reynol ds numbers , Equat i on ( 1 )  may be  s et equa l 
to zero a nd the termi na l ve l oc i ty eva l uated from the res u l t i n g  
equ i l i bri um . Thu s 
( n/6 ) ( d3 ) ( os ) - (n/ 6 ) ( d
3 ) (y) - ( CD ) ( n/4 ) ( d
2) ( p) (w2/2) = 0 ( 6 )  
Fu rther rearrang i ng l eads to 
( CD ) ( n/4 ) ( d
2 ) (p ) (w2/ 2 )  = (n/ 6 ) ( d3 ) ( ps -p) g
. ( 7 )  
a nd so l v i ng fo r w 
1/2 w = [ ( 4/3 ) ( d /CD ) ( ps/P - l ) g] ( 8 )  
where Ps i s  the dens i ty o f  the pa rt i c l e and p i s  the dens i ty o f  the  
fl u i d  ( 5 ) . 
F i gure 1 can be u s ed to determi ne CD , but because  both  Re a n d  
c0 are fu ncti ons  of  w ,  a n  i terati ve s ol ut i on i s  neces sary t o  fi nd w .  
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A tr i a l  va l ue o f  Re i s  chosen  a n d  i ts co rres pondi n g c0 va l ue found . 
Then w i s  ca l cul a ted from Equat i o n  (8)· and  a new Re i s  ca l cul a ted , 
(where Re = wd/v ) , a nd compa red to the  tr i a l  val ue. Th i s p ro cedure i s  
repeated u nt i  1 the new va 1 ue  o f  Re eq ua 1 s the Re o f  the p rev i o u s  
tri a l . Howeve r ,  the previous p rocedure i s  t i me co n s umi n g .  
One way to avo i d  a n  i tera ti v e  so l uti on i s  to use a n  a uxi l i a ry 
s ca l e .  Th i s  sca l e o f  FR/pv
2 a l l ows for a d i rect so l ut i on  s i n ce i t  i s  
i ndependent of  the fa l l  vel oc i ty .  From eq u i l i bri um FR i s  the  s ub-
merged we i ght  
( 9 )  
The precedi ng re l at i on between  c0 a nd Re ha s been estab l i s he d  
emp i ri ca l l y  for a s phere . I n  prac t i ce ,  however , sed i ment pa rt i c l e s  
a re ra re l y  true s pheres . Beca u se o f  t h i s ,  th e fo rmul ae , fi gu res , a n d  
re l a ti ons  that ha ve been p resented a re ,  at  best , a fi rs t a pp roxi mat i on 
for the fa l l  vel oc i ty of  a na tura l s ed i ment pa rti c l e .  S i nce the  s ha p e  
of a so l id pa rti cl e ca n exert a p rofound i nfl uence on  t h e  dra g  force , 
the subj ect o f  s ha pe a nd shape facto rs needs cons i dera t i o n .  · 
Shape of  Sedi ment Pa rt i c l es  
The s i ze of  a sedi ment parti cle alone i s  us ua l l y  no t suff i ­
c i ent to descr i be i t . S ha pe i s  co n s i dered the next mo s t  i mporta nt  
c ha racteri s t i c of  sed i ment  pa rt i c l e s  that  s edi ment tra nsportat i o n  
eng i neer s  are concerned .  I t  desc r i bes the form o f  the pa rt i cl e 
wi thout refe rence to the  s h a rpnes s o f  i ts_edges (7). The s ha pe of  a 
sed i ment pa rti cle i s  i mpo rta nt  because i t  i nfl uences bo th  the s urface  
drag exerted on  tha t pa rt i �l e a s  wel l as  defi nes the  zone of  
9 
separati on created from drag ( 3 ) . I t  i s  therefore not s urpri s i ng that 
extens i ve i nves t i gat i ons  have been conducted to get a better unde r­
standi ng  of th i s  effect . Whereas geometri cal l y  regu l ar  s ha pes  
( cyl i nders , d i s ks , e l l i pso i d s , etc . ) have been studi ed ana l yt i ca l l y  
and  experi menta 1 1  y ,  sma 1 1  i rregu l a r  s hapes, 1 i ke those  found  wi th  
natura l  sand gra i ns ,  have been i n vest i gated exper imenta l l y  on l y .  I n  
the fol l owi ng  di scus s i on , focu s wi l l  b e  o n  the i rregu l ar s hapes on l y .  
Shape Factor of Sedi ment  Part i c l es 
One way to obta i n  a s u i tab l e dra g  coeffi c i ent fo r an  i rregu­
l arl y-shaped parti c l e i s  to  app roxi mate it  wi th  a regu l ar s haped one  
for wh i ch the  drag coeffi c i en t  i s  o bta i na b l e .  There have been ma ny 
i nvest i gat i ons , i nc l udi n g  A l bertson , Heywood , McNown , Graft a n d  
Ma l a i ka ( 1 ) . I n  studyi n g  the  fa l l  vel oc i ty o f  geometri c s hapes  
( McNown and Ma l a i ka ,  1950 ) a nd  s an d  g ra i n s  ( Al bertson , · 1963 ) , the  
s hapes  of pa rti c l es have been e xp res sed by  a s hape factor , S F ,  g i ven 
by 
S F  = c / ( ab ) 112 ( 10 )  
i n  whi ch a ,  b ,  and c a re ,  re s pect i ve l y ,  t he l en gth o f  the l on ge s t  ( o r  
major ) axi s of the parti c l e ,  the  i ntermedi ate axi s of the parti c l e ,  
and  the s hortest  ( or mi nor )  axi s of  the parti c l e .  Al l axes  a re 
mutua l ly  perpendi cu l ar . I t  was found  that the fa l l  ve l oc i ty of  
parti c l es can  be  expressed i n  te rms o f  the nomi na l  d i ameter (wh i c h  may 
be defi ned as the di ameter of a s p here of t he same vo l ume as the g i ven 
parti cle (7)), Shape factor ,  a nd Reynol ds number ( 1 ) . 
10 
Shape factor rela tes o n l y th ree of the mu l t i tude of d i mens i on s  
o f  a n  i rregu l a r part i c l e  a nd o n l y  _approxi matel y defi nes parti c l e 
s ha pe.  There may be ro u nded ,  a ngul a r ,  ro ugh , a nd smooth pa rt i c l es a l l 
wi th the same s hape factors . To ma ke s ha pe fa cto r  mo re res tr i ct i ve ,  
espec i a l l y  a s  to roughnes s , the data i n  th i s  thes i s a re l i m i ted to 
1 1 na tura l l y  worn 1 1  sed i ment pa rt i c l es .  
I n  the fo rego i ng i t  wa s s h own that wi th i n certa i n  stated 
l i mi tat i o ns of  average pa rt i c l e  roughnes s and  average s pec i f i c  
grav i ty ,  the s ha pe facto r  i s  pract i ca l  and i nvol ves a m i ni mum amount 
of l a bo r to meas ure and compu te ( 3 ) . 
Co v s . Re Rel a ti onsh i p  for Natu ral Wo rn Pa rt i c l es 
I n  1984 , Mi chael Kno fczyns k i , a gra dua te s tuden t at Sout h 
Da kota State Un i vers i ty,  reported i n  h i s  thes i s ,  11 Improved P ro cedu re 
to Compute Fal l Vel oc i ty for Na tu ra l l y  Wo rn Sed i ment Pa rt i c l es . .  that 
experi menta l data i nvo l v i ng the fa l l  vel oc i ty of  i rregu l a rl y s ha ped 
pa rt i c l es ha ve been comp i l ed a nd a na l yzed . The da ta came from wo rk by 
Krumbei n ,  Serr , Ma l a i ka ,  Corey , Wi l de a nd Schul z ( 3 ) . U s i ng the s ha pe 
factor as  a th i rd pa rameter , a p l o t  o f  dra g  coeffi c i ent  vs . Reyno l ds 
number for the experi menta l da ta was made ( Fi gu re 2) . As s h own i n  
F i gu re 2 .  
( 11 )  
where F eq ua l s  the s ubmerged wei ght  a nd dn eq ua l s the nomi na l 
d i ameter . The nomi nal  d i ameter of a part i c l e  can be defi ned a s  the 
d i ameter of a s phere that has t he. s ame val ume a s  tha t pa rt i c l e .  I t  





·J I I I I I I I I I I I 1--+-+-H+t --
-1 I I I I I I I I I 




. --­' ...,_ 
·­
·--
��1 3 · -
­
U:! a: 2 �-
- ----··- -·--- --
Q 
u 
ro r- t - - 1 --· t·-+- • +--t--·+-· t·-t- ----l---· ------t- - + I I I I t-t-+---i 
Q2 1- -+-�- +-+-t+H-1- I I I I I I I I I I I I ·-t--1 -1 +H- I I I I J 
�,.T� 
OJ L . _......_____ ___ 1----'--
1.') 2 3 4 6 8 10 2 3 4 6 8 lrl 2 •cit. 3 4 RtYNOl.DS NUMe£" Re • "7" 
1 6 8 Ia' 2 3· 4 
Fi gure 2 .  c0:Re Graph for Naturall y Worn Sedi ments. 
· 
(From Reference 3 . )  





1 2  
Pl ots o f  dra g coeffi c i ent  v s . Reynol ds number , u s i ng the  
nomi na l d i ameter  for ri ver  gra ve l  and c rushed g ravel  were obta i ned by 
Al bertso
·
n ( 19 53 ) a s  s hown i n  F i gure 3 .  I t  was found that the shape  
factor corre l ated rather wel l ,  b ut  that  l i nes  of  constant  s hape factor 
do not rende r  the same resu l ts for r i ver  and crus hed g ravel  ( 1 ) . 
Wh i l e  Fi gure 2 i s  for natura l l y  worn parti c l e s , Fi gu re 3 i s  a 
graph for crus hed gra vel .  Al though they appea r i dent i ca l , there a re 
actua l l y  some di fferences  i nd i cati n g  t hat  when parti cl e angul a ri ty and  
rou ghnes s are not i ceabl e ,  they s hou l d be taken i nto con s i derat i o n . 
Fi gure 2 requ i res an  i te ra t i ve· p rocedure i f  the va l ue o f  fa l l  
vel oc i ty i s  u n known . As ment i oned  before , a n  a ux i l i ary scal e o f  F/pv2 
can be used to avo i d the i te rative p rocedure . As s hown i n  Fi gure 4 ,  
th i s  auxi l i a ry sca l e  has been termed the s i ze coeffi c i ent or Cs 
( 1 3 )  
I n  1957 ( Report Numbe r 12 ) ,  11Some Fundamenta l s  of  Pa rti c l e 
S i ze Ana l ys i s , 11 prepa red by the Subcommi ttee on Sed i mentat ion  I nter­
Agency Commi ttee on  Water Resources  ( I .  A .  C .  W .  R . ) , modi fi ed the rel a -
t i on between CD vs . Re cu rves w i th  s hape factor a s  a th i rd va r i a bl e  a s  
s hown i n  Fi gure 4 .  Compari son o f  Fi g ures 2 and 4 revea l s  tha t the two 
a re not i dent i ca l . Th e I . A . C.W . R . stated  th ree reasons for th i s .  
1 .  I n  the Report 11 I n fl uence of  Shape on the Fa l l 
Ve l oc i ty of Sedi menta ry Pa rt i c l es .. , the poi nts for 
sphero i ds , cyl i nders , pr i sms , and  doub l e cones and  the 
curve for spheres  we re computed  from the equat i on 














...... ........ � ' ' Shope foetor = 0/ JCb ....... � � ::::::: ......... 9��1-----� ....... � -...... 
"" ........... ......... ....... r---___ ·0 .5 __ .. - - --........ ----- � --"-......j �- _____ .,_Q]�--...... -....... 
'"" . 
� � � r-- ---
4 6 8 10 2 4 6 8 102 2 4 6 8 103 2 .4 6 8 104 2 3 
Re 
Fi gure 3 .  Dra g Coeffi c i en t  vs . Reyno l ds Number for Di fferent  
S hape Facto r .  ( from Reference 1 . ) 
438832 T U T 8 y SOUT DA 01 
Here , (rr/4 ) d� wa s used a s  projected area fo r the 
geometri c bodi es , but i n  o ther i nstances the sed i ment 
parti c l es  wa s computed from 
c0 = (rrdng (ps -p ) ) / 3p� 2 
where , d� wa s u sed a s  projected a rea for the part i c l e .  
Al l drag coeffi c i ents p l o tted i n  F i gure 4 were com­
puted from Equat i o n  ( 14), a nd the recomputed data 
moved the c0 vs . Re curves upwa rd except for the curve  
for s pheres . 
2 .  The u ndul a ti ons  i n  the c urves i n  F i gure 2 ha ve 
been smoothed partl y because  of a re -eva l uati o n  of  the 
da ta a nd pa rtl y beca use  a curve representi �g the a ver� 
age for many part i c l es  of d i fferent s hapes (a l tho ugh  
of the  same s hape factor )  probab l y s hou l d not  have 
shown abrupt cha nges for sma l l cha nges i n  Reyno l ds 
number ,  even though s uch c ha n ges mi ght· appear for 
i ndi v i dual  pa rti c l es or  fo r s pec i fi c  s ha pe of 
pa rt i c l e .  
3. Da ta fo r a bout 40 o f  the  sma l l est part i c l e s were 
not g i ven fu l l we i ght  because  they were i nco ns i stent 
wi th those  for l a rger pa rt i c l e s  dropped  i n  o i l ,  a nd  
the  vo l ume a nd s pec i fi c  grav i ty s houl d be mo re a ccu­
rate for the l arger pa rt i c l e s .  
14 
( 15) 
Fi gure 4 i s  a prel i m i na ry attempt to defi ne  drag coeffi c i en ts 
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Equat i on ( 10 ) . Presumabl y ,  the res ults are an i mp rovement ove r the 
resu l ts i n  the Report , 11 nfl uence o f  Shape on the Fa l l  Vel oc i ty of  
Sedi mentary Partic l es .. s hown i n  Figu re 5 of this thes i s .  
Except for spheres , the c u rves for F i gure 4 a re for natu ra l l y  
worn sediment parti c l es . Al thou gh s pheres have a s hape factor o f  1.0 , 
not al l part i c l es wi th a s hape fac tor  1.0 a re spheres . Thus , there i s  
a l ine for a s hape fac to r  o f  1.0 a s  we l l  a s  for spheres . / 
Tabl e 1 1 ists the fa l l ve l ocity. for s pheres and  for natura l l y  
worn sedi ment partic l es at eac h  o f  fou r  s hape factors , four s pec i fi c  
graviti es , s i x  temperatures , and  s ix nominal  d i ameters . These fa l l  
ve l oc i t i es were computed from the dra g-coeffi c i ent curves of F i g ure 4 .  
In Tabl e 1 the fa l l  ve l oc i ty of sed i ment parti cl es  i s  s hown for a 
l i mited number of condi ti on s , but by fnterpo l ati on , the data m�y be 
used for a very wi de ran ge of  condi ti ons . 
F i gure 5 is a re-work i n g  of  Tab l e  1 for s pec i fi c  gra vity o f  
-
2 . 65 .  Fi gure 5 i s  l i mi ted to qua rtz parti c l es ( a s  the term i s  used i n  
t h i s thes i s , 11quartz 11 i nd i cates a s pec i fi c  gravi ty of  2 . 65 and  does 
not i mpl y spec i al mi nera l  content or c rysta l l i ne structure ) becau s e  
most sedi ·ment  h a s  a s pec i fi c  g rav i ty a round 2 . 65. The c urves of. 
Fi gu re 5 s how the re l at i onsh i p  between the nomi na l d i ameter of  a 
natura l l y  worn quartz pa rtic l e to i t s fal l ve l oc i ty i n  q u i escent d i s ­
til l ed water of i nfinite extent fo r s hape factors of __ 0 . 5 ,  0 . 7 ,  and  0 . 9 
and  tempe ratu-res of 0°, 10° , 20° , 24 °, 30°, and  40° C .  Fi gure 5 i s  
w i del y used and accepted. A s ha pe factor  of  0 . 7 i s  about  avera ge fo r 
natura l sedi ment ( 1 ) . 
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I. F. 0.1 
Foil velocitr, in cm/MC 
Figure 5 .  Re l ation of Nomina l Di ameter and Fa l l  Vel ocity for Natura l l y  Worn Quartz 
Partic l es Fal l ing Al one i n  Qu i escent Di stil l ed Water of I nfinite Extent . 






Specit'ic er-n t7 2. oo Spec11'1c p-aT1t7 2. 65 
'lWp. Sbape t'&ctor �pe tactor �-
l Oc) 0.3 0.5 0.7 0.9 Spberea 0.3 0.5 0.7 0.9 Spberea \ oc} 
Ncain&l diaae�r • 0.20 111a 
0 0.84 0.90 0.95 1.00 1.� I 1.29 1.)8 1.48 1.5'7 1.66 0 lD 1.04 1.12 1.20 1.26 1.)) 1.56 1.68 1.81 1.92 2.05 10 20 1.21 1.)2 1.42 1.51 1.6o 1.78 1.94 2.11 2.26 2.laJ 20 i4 1.27 1.40 1.51 1.61 1.72 1.86 2.01& 2.2) 2.li! 2.58 24 30 1 • .)6 1.SC 1.6) 1.75 1.87 1.99 2.18 2.l!Q 2.59 2.80 )0 Ul 1.51 1.67 1.8) 1.98 2.1) 2.18 2.41 2.68 2.90 ).16 uo 
Ncain&l di•eter • o. 50 111a · 
0 2.79 ).14 ).47 ).79' h.Oh I 4.01 4.47 5.02 5.48 5.92 0 lD ).19 ).61 4.02 4.41 4.73 4.50 5.12 5.72 6.)0 6.88 10 20 ).53 ).99 4.47 4.95 5.35 4.90 5.6) 6.)1 7.02 7.68 20 24 ).6) 4.1) 4.64 5.16 5.58 s.oJ 5.79 6.5) 7.)0 1.91 24 )0 ).80 4.)2 4.88 5.LJ 5.90 5.24 6.03 6.84 7.66 8.)8 )0 l.o 4.02 4.62 5.25 5.87 6.40 5.52 6.)8 7.)0 8.24 9.05 40 
Nadn&l d18111eter -1.00 lila 
0 5.76 6.59 7.47 8.50 ·-� I 7.8) 9.01& lO.la u.s 12.8 0 10 6.16 7.16 8.2) 9.)6 10.) 8.21 9.66 11.4 1).0 U.J 10 20 6 • .)9 7.58 8.86 10.2 11.2 8.49 10.1 12.1 u.o 15.6 20 2la 6.4) 7. 70 9.10 10.5 11.6 8.57 10.2 12.) 14.) 16.0 24 JO 6.54 7.88 9.)8 10.9 12.1 8.66 10.4 12.6 lL.8 16.6 .30 uo 6.65' 8.09 9.80 U.4 12!9 8.77 10.6 1).0 15.6 17.5'. uo 
Nc:ain&l di .. ter • 2.00 lila 
I) 9.50 11.4 1).8 16.) 18.1 
1
12.h lla.9 18.4 22.1 2S.2 0 
10 9.66 11.7 lla.4 17.4 19.8 l2.S 15 • .3 19.0 2).1 27.) 10 20 9.1) 11.9 14.8 18.1 21.1 12.5 15.5 19.3 2).9 28.9 20 21& 9.76 12.0 14.9 18.) 21.6 12.6 15.6 19.4 21&.0 29.4 24 30 9.19 12.1 15.1 18.7 22.2 12.6 15.7 19.5 24.3 )0.1 )0 laO 9.8) 12.) 15.J 19.0 2).1 12.6 15.8 19.7 24.7 )1.0 uo -
Nc:ainal di•eter • 4.00 -
0 1).8 11.2 21.4 26.8 )2.9 17.7 22.) 27.8 Jla.9 43.8 0 
lD 1).8 17.) 21.6 27.) .34.6 17.7 22.4 27.9 35.3 45.8 10 20 1).8 17.4 21.8 27.5 .35.9 17.8 22.4 28.0 )$.6 46.9 20 2la 13.8 17.5 21.9 27.6 )6.) 17.8 22.4 28.1 .35.7 47.2 24 
)0 1).9 17.5 21.9 27.8 )6.8 17.8 22.5 28.1 )$.8 47.6 .30 LO 1).9 17.6 22.0 28.0 )7.4 17.8 22.5 28.2 )5.9 48.1 40 
NCIIIIi.nal di•e�r • 8.00 1111 
0 19.5 24.7 )0.9 )9.2 52.4 I �.l )1.7 )9.6 so·.4 67.5 0 lD 19.5 24.7 )0.9 )9.2 SJ.C 25 1. )1.7 )9.6 50.4 67.5 10 20 19.5 24.8 )0.9 )9.) 5.3.1 25.1 )1.7 )9.7 so.s 67.S 20 24 19.5 24.8 )0.9 )9.) 53.1 25.1 )1.7 )9.7 so.s 67.5 24 .30 19.6 24.8 )l.O )9.4 5J.O 25.2 )1.8 )9.8 50.6 67.5 .30 LO 19.7 24.9 )1.1 J9.S 52.9 25.2 )1.9 )9.9 50.7 67 .) uo 
(from Reference 2) 
1 9  
'1'ABLB l ( CoDt1Dued.) 
Speci fie gran ty 4. )0 Specific gran ty 7.SO 
T•P• Shape !actor Shape factor T•P· 
{OC) o.) 0.5 0.7 0.9 Spheres 0.) 0.5 0.1 0.9 Spheres (OC) 
NCD1na1 diameter • 0.20 111111 
0 2.21 2.42 2.62 2.76 2.94 3.13 4.08 fi.44 4.76 5.16 0 
10 2.60 2.87 .).14 ).)6 ).61 4.30 4. 75 5.28 5.75 6.19 10 20 2.95 3.21 .).62 ).90 4.22 4.Bo 5.35 6.01 6.58 7.10 20 
24 ).09 3.42 ).Bo 4.ll 4.45 5.00 5.58 6.26 6.86 7.44. 24 
)0 3.21 3.64 4.o6 4.40 4.76 5.25 5.90 6.64 7.)0 7.92 � � 3.5'7 3.96 4.48 4.87 5.29 5.65 6.40 7.l9 7.93 8.67 40 
Jlcainal di•eter • o.SO -
0 6.hl 7.26 8.19 9.o6 ··� I 10.0 il.5 1).0 14.5 15.9 0 10 7.10 8.15 9.22 10.3 ll.3 10.8 12.6 14.4 16.2 17.8 10 20 7.62 8.79 10.1 ll.3 12.4 ll.4 13.4 15.5 17.7 19.5 20 24 1.19 9.04 10.4 ll.7 12.8 ll.6 13.7 15.9 18.3 20.1 24 )0 7.99 9.32 10.8 12.2 13.4 u.8 14.0 16.5 19.0 21.0 )0 40 8.24 9.76 ll.4 1-).0 14.) 12.0 14.4 17.3 20.1 22.3 4o 
NCDinal di•eter • 1.00. 111111 
0 11.7 13.8 16.2 18.5 20.4 17.0 20.3 24.5 26.6 )1.8 0 
10 12.1 14.4 17.3 20.2 22.5 17.3 20.9 25.7 )0. 7 )U.8 10 20 12.) 14.8 18.1 21.5 24.3 17.5 21.) 26.4 32.0 37.1 20 24 12.4 14.9 18.4 21.9 25.0 17.5 21,4 26.6 32.5 37.9 24 JO 12.4 15.1 18.7 22.5 25.8 17.6 21.6 26.9 33.0 )9.1 )0 40 12.5 15.) 19.1 23.2 21.1 17.7 21.8 21.) )).8 40.9. 40 
NCIDinal di•eter • 2.00 111111 
0 17.7 21..7 26.9 )2.8 )8.3 I 24.9 )0.7 )8.1& 47.7 58.4 0 10 17.7 22.0 21.4 )).9 hl..2 24.9 )1.2 .)8.9 1&8.8 61.2 10 20 17.7 22.2· 27.7 )4.6 43.1& 24.9 )1.4 )9.2 49.4 6).4 20 24 17.7 22.3 27.8 )4.8 b4.2 24.9 Jl.S )9.3 1&9.6 64.0 24 )0 17.8 22.4 21.9 .)5.1 45.1 24.9 31.5 39.4 49.8 65.0 )0 40 - 17.8 22.5 28.0 35.4 46.4 25.0 31.6 )9.5 S0.1 66.2 40 
NCDinal diameter • 4.00 111111 
0 25.1 31.7 39.5 49.9 65.5 )5.2 44;5 55.6 70.6 94.1 0 10 25.1 31.7 )9.6 50.2 66.8 35.2 41&.5 55.6 70.7 95.2 10 20 25.1 31.7 )9. 7 S0.4 67.7 35.2 41&.5 55.7 70.8 95.7 20 
24 25.1 )1.7 )9.7 so.5 68.0 35.2 41&.5 55.7 70.8 95.1 24 
)0 . 25.1 31.8 )9.7 S0.5 68.3 35.2 44.6 55.7 70.9 95.6 .)0 
40 25.2 31.8 )9.8 S0.6. 68.6 )5.3 44.7 55.8 n.o 95.4 4o 
NCDinal di•eter • B.oo -
0 )5.4 41&.8 56.c 71.3 96.3 49.7 62.9 78.6 100.0 134.) 0 
10 35.4 41&.8 56.0 n.3 95.4 49.7 62.9 78.6 l.OO.o 132.1 10 
20 35.5 41&.8 56.1 11.4 94.5 49.8 62.9 78.7 100.0 1)0.) 20 
24 35.5 41&.9 56.1 71.4 94.1 49.8 6).0 78.7 100.1 129.7 24 
)0 35.5 41&.9 56.2 11.5 9).6 49.8 63.0 78.8 100.2 126., .)0 !,0 35.6 45.0 56.) 71.6 92.8 1&9.9 63.1 19.0 100.4 127.8 4o 
(from Reference 2) 
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Fi gures 6 and 9 were a l so p l otted from the data obta i ned  by 
th i s  author from an extended  graph  o f  F i gure 4. Fi gure 6 i s  a p l ot of 
the dra g coeffi c i ent vs. the s i ze coeffi c i en t .  F i gure s  7 a n d  8 a re 
merel y  porti ons  of  Fi gure 6 ,  en l arged for more accura te read i ng .  
Fi gure 9 i s  a pl ot of Reynol d s n umber vs . s i ze coeffi c i ent . I t ,  too , 
. has been broken down and en l a rged i nto Fi gure 10 and 11 to a l l ow for 
more acc u rate read i ng .  
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COMPUTE R P ROGRAM TO DETERM I NE FALL 
V ELOC I TY OF  NATU RALLY WORN PARTI CLES 
2 7  
I n  1984 , Mi chae l Knofczyn s k i J in h i s  thes i s  reported five 
computer  methods ( Sonneu , Rubey , Sen turk , Shen , and HEC-6 Method 2 )  
for dete rmi n i ng fa l l  vel oc i ty a nd the advantages  and d i sadva nt�ges o f  
each method .  Al so , h e  reported that  t h e  most common d i sadvantages  o f  
these methods were ei ther one o r  bot h  o f  t h e  fo l l owing : 
1 .  A l ac k  of user  i nput  o f  the sed i ment and fl u i d 
c haracte ri st i cs ( i . e . , the  s hape fac to r ,  pa rti c l e 
s pec i fi c  gravi ty ,  k i nema t i c viscos i ty ,  etc . , were hel d 
con s tant by program constra i nts ) . 
2 .  Repeti t i ve ,  ti me consumi n g  an d ,  therefore , cos t l y  
i te rat i ve procedures . 
The computer pro gram p resented ,in Knofczyn s k i ' s  thes i s  avo i ded 
these s hortcomi ngs . The p rogram p resented i n  th i s  thes i s  i s  � conve r­
s i on and an extens i on of the Knofc zyn s k i computer program from FORTRAN 
IV to Mi crosoft BAS I C  wi th an addi t i ona l  method added to i t  for 
testi ng pu rposes . 
A fl ow chart of  the program i s  s hown i n  F i gure 12. A l i s t i ng  
of  the . program as  i t  was wri tten in Microsoft BAS I C  and  run  on a n  AT&T 
PC i s  l ocated i n  Appendi x B .  A l i st o f  va ri abl e s  and thei r corres ­
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CALCULATE K I NEMAT I C  
V ISCOS I TY 
l 
CALL SUBROUT I NE TO CALCULATE 
CS AND CD , 
AND CALCULATE WCO 
l 
CALL SUBROUTI NE  TO CALCULATE 
CS AND RE,  · ·  
AND CALCULATE WRE 
l 
CAL CU LATE HSL 
1 




F I GURE 1 2 . F l ow Cha rt 
TABLE 2 .  L I ST O F  S YMBOLS US ED  I N  THE COMPUTER PROGRAM AND THE I R  
CORRESPON D I NG DEF I N IT I ONS . 
Symbol Defi nition 
Coeffi c·i ent used i n  cu rve fi tt i ng .  
Coeffi c i ent us ed i n  cu rve fitting .  






Temporary dra g  coeffi c i ent . 
Temporary dra g  coeffi c i en t . 
CA Temporary s i ze coe ffi cient .  
CD Coeffi cient of  dra g . 
CS S i ze coeffi c i ent . 
D Part i c l e di ameter . 
FB Va ri abl e used i n  ca l c u l ati on of  fa l l  ve l oc i ty by S l ot  
equa t i on . 
G Gravi tat i ona l  cons tant .  
Functi on of s hape fac tor  
Funct ion  of shape  factor  
Functi on of s hape fac to r  
used  i n  S l ot  equation . 
u sed in S l o t  equat i on .  
u sed  i n  S l ot equat i o n .  
Ki nemati c vi scos i ty of  the fl u i d  · ( p rogram wi l l  
k i nemati c v i scos i ty of water on l y . ) 
P I  3 . 14 1593 
R 1  Temporary Reyno l d s  numbe r .  
R2 Temporary Reynol ds  n umbe r .  
RE Reynol ds number .  
S 1  Temporary va l ue o f  s ha pe fac to r .  
S2 Temporary va l ue of s hape  factor .  
ca l c u l ate 
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TABLE 2 .  L I ST O F  SYMBOLS US E D  I N  THE COMPUTER P ROGRAM AND THE I R  
CORRESPOND I NG DEF I N I T I ONS ( conti nued ) . 
Symbo l Defi n i t i on 
SF  Shape fac tor .  
SG Spec i fi c  grav i ty of  the  sed i ment parti c l e wi th respect to 
the dens i ty of  wate r .  
S I  Vari ab l e to i nd i ca te whether un i ts  used are Eng l i s h ( S I = l ) 
or  S I  un i ts  ( S I =2 ) . 
ST Temporary va l ue of  s hape  factor .  
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S ( K , I , J ) F i ve three by twel ve matri ce s conta i n i ng the d i g i t i zed Cs 
vs . c0 and Cs vs . Re curves . The fi rst l i ne of each  matri x 
conta i ns twe l ve Log 10  ( Cs ) va l ues  and the  second and  th i rd 
l i nes  conta i n the corres pondi n g  Lo g 10 ( C0 ) and Log 10 ( Re ) 
va l ues , respect i vel y .  The fi rst matri x i s  for a s hape 
factor of 0 . 3 ,  the s ec ond ma tri x i s  fo r a s hape factor of  
0 . 5 ,  the th i rd matri x i s  for a s hape factor of  0 . 7 ,  the  
fourth matri x i s  for a s hape factor of 0 . 9 ,  and  the fi fth 
matri x i s  fo r a s hape factor of  1 . 0 . 
TC Temperature i n  degree Ce l s i u s .  
TF F l u i d  temperatu re . 
TT Vari ab l e used i n  cal c u l a t i on of k i nema t i c  v i scos i ty .  
WCD Fa l l  vel oc i ty from Cs vs . c0 rel at i on s h i p .  
WRE Fa l l  ve l oc i ty from Cs vs . Re rel a t i o n s h i p .  
WSL Fa l l  ve l oc i ty from S l o t  equati on . 
XT Vari ab l e u sed i n  ca l c u l at i on  of k i nemati c vi s cos i ty .  
Y Sub routi ne val ue o f  CD  o r  RE . 
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Ma i n  Program 
The ma i n  program begi n s  by d i mens i o n i ng  the program data fo r 
S ,  whi ch  i s  ·a three d i mens i ona l  matr i x of  po i nts  on the extended g raph  
of  F i gure 4 .  Us i ng a READ statement , the  above data i s  s to red  i n  
memory .  Then , the user  i n put  da ta of  S F ,  S I , SG , and TF ( defi ned  i n  
Ta bl e 2 ) are read i n .  Next , the  number  of s i zes i s  entered and  the  
d i ameter correspondi n g  to  eac h  s i ze entered . Severa l  va ri ab l e s  
correspond i ng to each d i ameter  a re d i men s i oned at  thi s t i me .  Depend­
i ng upon the va l ue of S I  ( 1 fo r Eng l i s h . u n i ts , 2 for S I  un i ts ) the 
parti c l e  di ameter i s  converted from mi l l i meters to feet or  meters . 
The va l ue of P I  i s  set equa l to 3 . 14 1593 , and the va l ue o f  G i s  set 
e q ua 1 to 3 2 • 17 or  9 . 8  0 54 , depend i n g on the v a 1 u e of  S I . The s u b­
routi ne to ca l cul ate the k i nema t i c v i scos i ty i s  ca l l ed .  
Fol l owi ng the determi nat i on  o f  NU , the va l ue o f  CS i s  cal c u ­
l ated from the equat i on 
CS = ( ( P I / 6 ) *D*D*D ( SG- 1 ) / ( NU*NU ) )  ( 16 )  
and the subrouti nes to i nterpol  ate the s hape factor and the dra g  
coeffi c i ent are ca l l ed . . F rom the  va l ue of  C D  ( drag coeffi c i ent ) 
determi ned earl i er ,  WCD i s  ca l c u l ated from 
WCD = 4*D* ( SG- l ) *G/ 3 . 0*CD ) A 0 . 5
. 
( 1 7 )  
After the computati on  o f  W CD , t he s u brouti nes to determi ne the 
. s hape factor and Reynol ds n umber  a r� ca l l ed ,  and from the va l ue o f  RE 
( Reynol ds number ) ,  determi ned ea rl i er ,  W RE i s  ca l cu l ated from 
WRE = ( ( RE*NU ) / D )  ( 18 )  
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The s u brouti ne R . E .  S l ot ,  wh i ch ca l cu l ates  the fa l l  vel oc i ty 
by the S l ot equati on 
i s  ca l l ed .  
WSL = ( ( NU/ ( 2*D*FB ) ) * ( - 1*SQR { 1+ ( ( 4*CS*FB ) / ( 3*P I ) ) ) )  { 1 9 ) 
Fol l owi n g  ·the ca l c u l at i on of fa l l  ve l oc i ty by the R . E .  S l ot  
equati on , head i ngs  a re pri nted a l ong  wi th  the  output va l ues  of  D ,  SO , -
SG , TF , CD , RE , WCD , WRE , and  WSL , and  the va l ue of  NU i s  pr i nte d .  
Subrout i ne to Cal cu l ate t h e  Ki nemati c V i scos i ty 
Th i s  su brouti ne i s  used to ca l c u l ate the k i nemat i c v i scos i ty 
of  wate r .  The formul ae us ed a re for S I  un i ts so  the convers i on of 
temperature i s  made from degree Fah ren hei t to degree Ce 1 s i u s . i f  the 
temperature was g i ven i n  Eng l i s h · un i ts . If  the TC i s  l es s  tha n 2 0 , 
the ki nemat i c  vi scos i ty i s  ca l c u l ated from 
NU = 10 A ( 1 30 1/998 . 333+8 . 185 5*XT+0 . 00585*XT*XT ) - 3 . 30233 ( 2 0 ) 
I f  TC i s  greater than 20 , the k i nema t i c v i scos i ty i s  cal cu l ate� from 
NU = 0 . 0 1002* ( 10 A ( ( 1 . 32 72*TT-0 . 00 1053*XT*XT )/ ( TC+105 ) ) ) )  ( 2 1 ) 
NU  i s  then conve rted from squa re cent i meter per second ( cm2/ s )  to 
square mete r per second ( m2/ s )  a n d  then converted to squa re feet per 
s econd ( ft2/ s ) if  Eng l i s h u n i ts were spec i fi ed .  Thi s method for the  
determi nati on of k i nemat i c v i scos i ty i s  from Knofczyns ki . 
Subrouti ne to I nterpo l ate S hape Facto rs 
Shape factor subrout i ne i nterpol a t i on i s  ca l l ed to determi ne  
the temporary va l ue of  s ha pe factor ( ST ) . Th i s  s ubrouti ne i s  u sed to 
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fi nd  t he  programmed val ues  o f  s hape  factor ( 0 . 3 ,  0 . 5 ,  0 . 7 ,  0 . 9 ,  a n d  
1 . 0 ) that  bracket the g i ven va l ue of  s hape factor .  The fi rst t i me i t  
i s  ca l l ed , tests are made to determi ne wh i ch range ( between 0 . 3 a n d  
0 . 5 ,  between 0 . 5  and 0 . 7 ,  between 0 . 7  and  0 . 9 ,  etc . ) S F  fa l l s  i nto . 
When the ran ge i s  determi ned , ST i s  as s i gned the 1 ower va 1 ue  of  the  
range  and the program return s  to the  s ubrou ti ne wh i c h  dete rmi nes  the  
drag coeffi c i ent or Reynol ds n umber .  
The second ti me i t  i s  ca l l ed , t h e  ran ge i n  whi c h  S O  fa l l s  i s  
a ga i n  determi ned and th i s t i me ST i s  s et equa l to the upper va l ue  of  
the  range . The  program aga i n  returns to  the  subrouti ne wh i c h deter­
mi nes the drag coeffi c i ent  or Reyno l d s  n umber . 
Subrouti ne to Determi ne the Drag Coeffi c i ent or Reynol ds Number 
Th i s  s ubrouti ne u ses  i nterpo l at i on to determi ne va l ues  o f  RE 
and CD for the ca l cu l ated va l ue of CS . An i n i t i a l  test  i s  made to 
determi ne whether or not cs fa l l s  i n  the stra i ght l i ne port i o n  of t he 
c5 vs . c0 or the c5 vs . Re cu rves ( i . e . , t he secti on of  the c urves i n  
wh i ch c5 vs . c0 has  a hori zonta l l i ne or t he secti on  of  the c urves i n  
wh i ch cs vs . Re has a constant  s 1 ope ) . I f  CS fa l l s  i n  th i s  ran ge , CD 
or  RE i s  cal cu l ated from 
Y = B*SQR ( CS ) ( 22 )  
where Y equa l s  CD or RE , B equa l s e i ther the con stant va l ue of  CD  from 
c5 vs . c0 cu rves or a constant  for a g i ven s hape fac tor on the c5 vs . 
Re c urves . A 1 so , CS equa 1 s 1 .  0 ,  i f  CD i s  to be  determi ned , or  the  
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cal cu l ated CS i f  RE i s  to be found . Then , the subrouti ne returns  to 
ca l cul ate the fa l l  ve l oc i ty .  
When CS does not  fal l i n  the  stra i ght l i ne port i on o f  the 
curves , a l oop i s  ente red and  the p rogram data of CS i s  s earched u nt i l 
a va l ue that i s  greater than Lo g ( CS )  i s  found . The l oop i s  then 
exi ted and CD or RE are cal c u l a ted from 
Y = 10 A ( S ( K , I , J - 1 ) + ( FN LG ( CS ) - S ( K , l , J - 1 ) ) * 
( S ( K , I , J ) -S ( K , I , J - 1 ) ) / ( S ( K , l , J ) -S ( K , 1 , J - 1 ) ) )  ( 23 ) . 
where Y i s  CD or RE and the S ( K , I , J ) val ues are t he program va l ues  o f  
c 5  a n d  correspondi ng CD a n d  Re . The s ubrouti ne then returns t o  ca l ­
cu l ate the fa l l  vel oc i ty .  
Routi ne to Determi ne the Fa l l  Ve l oc i ty U s i ng the Drag Coeffi c i ent 
Th i s  routi ne determi nes the CD va l ue correspondi ng to the ca l ­
cu l ated CS . The subrout i ne to cal cu l ate the s hape factor i s  �al l ed to 
determi ne ST . I t  i s  used  to fi nd  the  prograrTITled va 1 ues of s hape 
factor ( 0 . 3 ,  0 . 5 ,  0 . 7 ,  0 . 9 , and  1 . 0 ) that bracket the g i ven va l ue of  
s hape factor . ( For examp l e ,  i f  the  u ser  i nputs a va l ue o f  S F  = 0 . 6 ,  
the s ubrouti ne ,  when fi rst ca l l ed ,  determi nes a Vq l ue of ST = 0 . 5 .  
The second ti me i t  i s  ca l l ed ,  i t  determi nes a va l ue o f  ST = 0 .  7 . )  
Wi th the va l ue of ST , t he s ubrout i ne to determi ne the va l ue of CD i s  
ca l l eq .  Cl i s  then set equa l to CD and  S l i s  set equa l to ST . A test  
of  whether S F  equa 1 s ST  i s  made . I f  S F  does equa 1 ST , no  further 
ca l cu l at ion  or i nterpo l at i on · i s  nece ssary and the fi rst ca l cu l a ted CD 
i s  used to · ca l cu l ate WCD i n  the ma i n  program . Otherwi se , the s hape 
/ '  
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factor subrouti ne i s  ca l l ed a ga i n  and  another ST  i s  found ( i n  th i s 
case , the next greater  va 1 ue  o f  p rogram s hape factor ) .  · Another va 1 ue 
of CD i s  found from the s u brout i ne to determi ne  CD and C2 = CD and 52 
= ST . Wi th the val ues of  Cl , C2 , S l ,  and  52 , the actual  va l ue of  CD 
correspond i n g  to the i nput va l ue of SF  i s  ca l c u l ated from 
CD = 10 A ( FNLG ( C l ) - ( ( FN LG9Cl ) - FNLG ( C2 ) ) * 
( FN LG ( S F ) - FN LG ( S l ) ) / ( FNLG ( S2 ) - FNLG ( Sl ) ) ) )  ( 24 )  
Th i s  val ue o f  CD i s  used to ca l c u l ate WCD i n  the ma i n  program.  
Routi ne to Determi ne the  Fa l l  Ve l oc i ty U s i ng Reyno l ds Number 
Th i s  rout i ne determi nes the RE va l ue correspondi n g  to the 
ca l c u l ated cs. . It works  i n  the same manner as  the prev i ous  rout i ne . 
The va ri ab l es of RE , Rl , and  R2 are used i n  p l ace of  CD , C l , and  C2 
res pecti vel y .  The va l ue of RE determi ned i n  th i s rou ti ne i s  used to 
cal cu l ate wRe i n  the ma i n  pro g ram . 
Routi ne to Ca l cu l ate Fa l l Vel oc i ty Us i ng R . E .  S l ot  Equat i on 
Th i s  rout i ne uses the S l ot  equat i on to ca l c u l ate the fa l l  
ve l oc i ty .  · Fi rst , the s ubrou t i ne dete rmi nes  three constants ( KO ,  K l , 
K2 ) wh i ch are funct i on s  o f  s hape  factor . Then , the s i ze coeffi c i ent 
i s  ca l c u l a ted from 
CS = ( P I /6 ) *D*D*D ( SG- l ) *G ) / { NU*NU ) 
where D i s  the nomi na l  di amete r .  F B  i s  ca l cu l ated from 
FB = KO+Kl*CS A ( -0 . 333 ) +K2*CS A (0 . 333 ) 
( 25 ) 
( 2 6 ) 
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where FB i s  a funct i on of s i ze coeffi c i en t .  The fa l l  ve l oc i ty i s  then 
ca l cu l ated from 
WSL = ( NU/ C2*D*FB ) ) * ( - l*SQR ( 1+ ( (4*CS*FB ) / ( 3*P I ) ) ) ) *1 00 ( 27 ) 
where WSL i s  the fa l l  ve l oc i ty i n  CM/S . Th i s  method of  ca l c u l a ti ng  
fa l l vel oc i ty i s  from the  Journa l  of  Hydrau l i c  Resea rc h , Vo l . 22 , No . 
4 ,  1 984 . 
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RESULTS AND D I SCUS S I ON 
To test the accuracy o f  the compu ter  program , a compar i s� n  of  
the  computer  program output to  t he fa l l  vel oc i ty va l ues i n  Tab l e 1 and  
Fi gure 5 i n  th i s  thes i s were made .  I t  mus t  be noted that the  compa ri ­
son to Tab l e 1 and F i gure 5 i s  not  neces sar i l y  an i ndi cat i on of  the  
accuracy of the compu ter program  res u l ts , parti cu l arl y  when compared 
to actua l fa l l  vel oc i ty data . Tab l e 1 and  Fi gure 5 were computed from 
the da ta taken from F i gure 4 whi c h , a s  di scus sed  earl i er ,  has s ome 
i nherent errors and approxi mat i ons . 
The computer program was run for part i c l es of  d i fferent s i zes , 
s pec i fi c  grav i ti es , temperatures , and s hape factors . Examp l es · of the  
program output for s i xteen parti cl e s i zes i n  d i fferent s hape factors , 
temperatures , and spec i fi c  grav i ti es  a re l ocated i n  Appendi x B of th i s  
thes i s .  
To study the resu l ts o f  the program , three condi t i on s  were 
used . The fl u i d  used was water a t  a constant  temperature of  20°C for 
a l l three cond i t i ons . The fi rst cond i t i on wa s to ho l d  the parti c l e 
spec i fi c  gravi ty constant a t  2 . 65 ,  wh i l e  the pa rti c l e  di ameters were 
vari ed for s hape factors of 0 . 3 ,  0 . 5 ,  0 . 7 ,  0 . 9 ,  and 1 . 0 .  For the  
s econd  condi t i on ,  t he  s hape factor was vari ed for pa rt i c l e d i ameters 
_ of 0 . 2 ,  0 . 5 ,  1 . 0 ,  and 2 . 0  nm w h i l e  part i c l e s pec i fi c  grav i ty wa s aga i n  
hel d constant , at 2 . 65 .  For the  t h i rd and  fi na l  cond i t i on ,  the 
part i c l e di ameter was hel d constant ,  at  0 . 50 mm whi l e  the spec i fi c  
gravi ty was va ri ed for s hape factors o f  0 . 3 ,  0 . 5 ,  0 . 7 ,  0 . 9 ,  and 1 . 0 .  
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Di scus s i on begi n s  w i th the fi rs t set of tests  ( chan g i ng  
d i ameter ) . Tab l e 3 s hows t he percent devi ati on s o f  the  p rogram 
· res u l ts from Ta bl e 1 and Fi g u re 4 data . S i  nee i t  i s  not easy to 
o bserve any po s s i b l e  trends i n  the percent de v i at i on s  from the  ta b u ­
l ated data , the compari son o f  fa l l ve l oc i t i es i n  Tab l e 1 a n d  F i gure 4 
v s . the fa 1 1  ve 1 oc i t  i es  obta i ned from the three computer  methods i s  
s hown i n  Fi gures  13  through  1 7. Befo re d i s cus s i n g t hese fi gures , i t  
s hou l d be noted that the fa l l  ve l oc i t i es o f  Ta bl e 1 and  F i gure 4 w i l l  
be termed I . A . C . W . R . s i nce they were o bta i ned from t he I nter-Agency 
Commi ttee on Wa ter Resources  Report Number  1 2 . F i gures 1 3  th ro u gh 1 7  
a re p l ots o f  the I . A . C . W . R .  fa l l  vel oc i t i e s  aga i nst  CSCD , c5 Re ( CSRE ) , 
and R . E .  S l ot ( Sl ot ) fa l l  ve l oc i t i es . CSCD i s  denoted by a star , CS RE 
denoted by a d i amond , and S l o t  i s  denoted by a tri angl e .  For F i gures  
13  through 17 , the  fa l l  ve l oc i t i es from CSCD and  CSRE methods l i e on  
t he l i ne of I . A . C . W . R . da ta w i t h  on l y an  occas i ona l dev i a t i on .  Fo r 
s hape factor of 1 . 0 ,  wh i c h  i s  s hown i n  F i gure 1 7 , the I . A . C . W� R . da ta 
we re ta ken from Fi gure 4 on l y ,  s i nce  Report 12 on ly  cqn s i dered fa l l 
vel oc i ty data fo r spheres i n  Tab l e 1. As p rev i ou s l y  ment i oned , there 
i s  a di fference between s p he re s  and  parti c l es w i th a s hape fac tor  
equa 1 to  1. 0 a 1 though  a s phere has  a s ha pe facto r  of 1 .  0 .  For the 
parti c l e  di amete rs of  0 . 0 6 , 0 . 08 ,  and 0 . 1 mm , the I . A . C . W . R .  fall 
ve l oci ty va l ues were obta i ne d  from . F i gure 5 s i nce Tab l e 1 goes no 
l ower than 0 . 2 mm. 
Loo k i ng at  the resu l ts · p roduced by S l ot equat i on ,  i t  can be  
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F I GURE 1 3 .  COMPARI S ON O F  THE COMPUTER P ROG RAM RES ULTS 
TO TABLE  1 DATA . D I AMETER CHANG I NG , 
TEMPE RATURE = 2 0  DEG - C , SPEC I F I C G RAV I TY = 
2 . 6 5 , SHAP E  FACJ"OR = 0 . 3 . .. 





















3 5 . 
3 0 . 
2 S  
� 0 -
i 5  
i O  
o . t  mm 
0 . 08 mm 
0 . 06 mm 
2 . 0  mm 
8 . 0  mm 
0 ������-�. �. �� ����������������� 
i O  1 5  2 0  L 5  3 0  3 5  
FALL VELOCITY ( CM/S) 
* ;r. *- C S CD o o o C S F- E  A A A S L O i  
F IGURE 14 . COMPARI SON OF THE COMPUTER PROGRAM RESULTS TO 
TABLE 1 AN D F IGURE  5 DATA . D IAMETER CHANG I NG , 
TEMPE RATURE = 20 DEG- C ,  SPEC I F I C  G RAV I TY = 
2 . 65 ,  SHAP E FACTOR = 0 . 5 .  
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F IGURE 15 . COMPARI SON  OF THE - COMPUTE R PROG RAM RESULTS TO 
TABLE 1 AND F I GURE 5 DATA . D IAMETER CHANG I NG ,  
TEMP ERATURE = 20  DEG - C , SP ECI F I C GRAV I TY = 
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F IGURE 16 . COMPARI SON OF THE . COMPUTE R PROG RAM RESULTS TO 
TABLE 1 AN D F I GU RE 5 DATA . D I AMETER CHANG I NG ,  
TEMPERATURE = 20 DEG- C ,  SP EC I F I C  GRAV I TY = 2 . 65 ,  SHAP E  FACTOR = 0 . 9 . 
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F I GURE 17 . COt�PAR I S ON OF THE COMPUTER P ROG RAM RESULTS TO 
F I GURE 4 DATA . D I AMETER CHANG I NG ,  TEMPE RATU RE 
= 20 DEG- C ,  S P EC I F I C GRAV I TY = 2 . 6 5 ,  S HAP E 
FACTOR = 1 .  0 .  _ 
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4 5  
for l a rge s i ze parti c l es  tha n sma l l parti cl es . Bu t the S l ot  eq ua t i o n  
appea rs to work bes t  whe n  u s ed fo r sma l l part i c l es  ( sma l l er than  0 . 10 
mm ) . Th i s ca n be seen i n  Ta b l e 3 and F i gu res 13 through  17 . The 
res ul ts a ppea r mos t accura te fo r a s hape fa cto r of 0 . 50 ( Fi gure 14 ) . 
For the graph  of s ha pe fa ctor of  0 . 9 ,  the fa l l  ve l oc i t i e s ca l c u l ated 
by the · S l ot  eq uat i o n  a re very c l o s e  to the I . A . C . W . R . fa l l  ve l oc i t i es . 
The S l ot eq uati on  a ppea rs to be the  mo st  accura te for s hape fa cto rs 
between 0 . 5 a nd 0 . 9 .  
The S l ot  equa ti o n  doe s  not  ha ve a ny phys i ca l  backgro und , but  
i t  ca n rep l ace ta bu l a ted da ta a s  wel l a s  the d i a gram , s i nce th e u s�  o f  
ta bu l a ted val ues o r  di agram s uch  a s  c 0 vs . R e  i nvol ves  a l e ngthy 
p rocedu re of  tr i a l and erro r for determi n i ng fa l l vel oc i ty . o f  a 
pa rt i c l  e .  
I n  the seco nd set o f  tests , the shape fa ctor wa s vari ed fo r 
pa rt i c l e  d i ame ters of 0 . 2 ,  0 . 5 ,  1 . 0 ,  and  2 . 0  mm wh i l e  part i c l e spec i ­
fi c grav i ty wa s he l d consta n t  a t  2 . 6 5 .  Tabl e 4 s hows the _ percent 
dev i a t i o ns of  the program res u l ts  from Ta bl e 1 a nd F i gure 4 data . 
Once aga i n i t  i s  not ea sy to obs erve any pas s i b 1 e · trends i n  th e 
percent dev i a t i ons from the ta bu 1 a ted da ta . However , the comp a ri son  
of Ta bl e 1 a nd F i g u re 4 fa l l  ve l oc i t i es va l ues vs . the  fa l l ve l o c i t i es 
obta i ned from the computer program  res u l ts s hown i n  F i gu re 18 th ro ugh  
2 1 .  I n  these fi gures , mos t  of  the da ta i s  very c l ose  to  the  1 i ne of  
I . A . C . W . R . data , fal l i ng  i n  e i ther s i de of  i t , w i th the excepti o n  o f  
F i gu re 1 8  ( d i ameter = 0 . 2 mm } . O n  F i g u re 18  t h e  S l ot fa l l  vel o c i t i e s 
a ppea r to the ri gh t of  the I . A . C . W . R . fa l l  ve l oc i ti es .  I t  a ppea rs 
. TABLE 4 .  PROGRAM FALL VELOC I TY DEV I AT I ONS ( % )  FROM TABLE 1 ( I . A . C . W . R . ) AND F I GURE 1 ( I . A . C . W . R . ) 
FOR CHANG ING SHAPE  FACTORS 
FALL VELOC I TY PERCENT DEV I AT I ON (%} 
Water
0 
SP. Diameter Shape cs vs . co CS vs . RE R. E. Slot I .A.C.W.R. 
Tern�. C GR (11111} Factor cm[s cm[s cm[s cm[s cs vs co CS vs . RE R . E .  Slot 
20 2 . 6 5 0 . 200 0 . 30 . 1 . 7 7 I 1 .  7 7  1 .  9 5  1 .  78 - 0 . 6 - 0 . 6 9 . 6  
20 2 . 65 0 . 200 0 . 40 1 . 87 1 . 87 1 . 99 1 . 86 0 . 5 0 . 5 7 . 0  
20 2 . 65 0 . 200 0 . 50 1 . 95  1 . 95 2 . 05 1 .  94 0 . .5 0 . 5  5 . 7  
20 2 . 65 0 . 200 0 . 60 2 . 05 2 . 05 2 . 10 2 . 03 1 . 0 1 . 0  3 . 4  
20 2 . 65 0 . 200 0 . 70 2 . 14 2 . 14 2 . 1 7  2 . 1 1  1 . 4  1 . 4  2 . 8  
20 2 . 65 0 . 200 0 . 80 2 . 20 2 . 20 2 . 2 3  2 . 19 0 . 5  0 . 5  1 . 8  
20 2 . 65 0 . 200 0 . 90 2 . 2 5 2 . 25 2 . 3 1 2 . 26 -0 . 4  -0 . 4  2 . 2  
20 2 . 6 5 0 . 200 1 . 00 2 . 42  2 . 38 2 . 40 2 . 37 2 . 1 0 . 4  1 . 3  
20 2 . 65 0 . 500 0 . 30 5 . 03 5 . 03 5 . 08 4 . 90 2 . 7 2 . 7 3 . 7 
20 2 . 6 5  0 . 500 0 . 40 5 . 33 5 . 33 5 . 30 5 . 30 0 . 6 0 . 6  0 . 0  
20 2 . 6 5 0 . 500 0 . 50 5 . 5 7 5 . 57 5 . 5 5 5 . 63 - 1 . 1 - 1 . 1 - 1 . 4  
20 2 . 65 0 . 500 0 . 60 5 . 9 5 5 . 95 5 . 85 5 . 99 -0 . 7  -0 . 7  - 2 . 3  
20 ' 2 . 65 0 . 500 0 . 70 6 . 30 6 . 30 6 . 2 0 6 . 3 1 -0 . 2  -0 . 2  - 1 . 7 
20 2 . 65 0 . 500 0 . 80 6 . 72 6 . 72 6 . 62 6 . 68 0 . 6 0 . 6  -0 . 9  
20 2 . 65 0 . 500 0 . 90 7 . 1 1 7 . 12 . 7 . 16 7 . 02 1 . 3  1 . 4  2 . 0  
20 2 . 65 0 . 500 1 . 00 7 . 58 7 . 58 7 . 87 7 � 45 1 . 8  1 . 8 5 . 6  
20 2 . 65 1 . 000 0 . 30 8 . 46 8 . 47 8 . 6 7 8 . 49 -0 . 4  -0 . 2  2 . 1 
20 2 . 65 1 . 000 0 . 40 9 . 26 9 . 2 7 9 . 14 9 . 36 - 1 . 1 - 1 . 0  . - 2 . 4  
20 2 . 65 1 . 000 0 . 50 9 . 94 9 . 94 9 . 70 10 . 10 - 1 . 6  - 1 . 6  - 4 . 0  
20 2 . 65 1 . 000 0 . 60 1 1 . 1 5 1 1 . 15 1 0 . 37 1 1 . 14 0 . 1 0 . 1 -7 . 0  
20 2 . 65 1 . 000 . 0 . 70 12 . 29 1 2 . 29 1 1 . 2 1  12 . 10 1 . 6  1 . 6 . - 7 . 3  
20 2 . 65 1 . 000 0 . 80 12 . 1 7 1 3 . 06 12 . 3 1 1 3 . 08 0 . 7 -0 . 2  - 5 . 9  
20 2 . 65 1 . 000 0 . 90 14 . 00 13 . 7 7  1 3 . 82 14 . 00 0 . 0 . - 1 . 6  - 1 . 3  
20 2 . 6 5 1 . 000 1 . 00 1 5 . 38 1 5 . 20 1 6 . 09 1 5 . 00 2 . 5 1 . 3  7 . 3  
20 2 . 65 2 . 000 0 . 30 . 12 . 46 1 2 . 46 13 . 45 1 2 . 50 -0 . 3  - 0 . 3 7 . 6  
20 2 . 6 5 · 2 . 000 0 . 40 14 . 29 14 . 30 14 . 2 7 1 4 . 1 1  1 . 3  1 . 3  1 . 1 
20 2 . 65 2 . 000 0 . 50 15 . 90 1 5 . 90 1 5 . 2 6 1 5 . 50 2 . 6  2 . 6  - 1 . 5  
20 2 . 6 5 . 2 . 000 0 . 60 1 7 . 58 1 7 . 59 1 6 . 50 1 7 . 46 0 . 7 0 . 7 - 5 . 5 
20 2 . 65 2 . 000 0 . 70 1 9 . 14 1 9 . 15 18. 09 1 9 . 30 - 0 . 8 -0 . 8  -6 . 3  
20 2 . 65  2 . 000 0 . 80 2 1 . 50 2 1 . 50 20 . 2 7 2 1 . 62 -0 . 6  -0 . 6  -6 . 2  
20 2 . 65 2 . 000 0 . 90 23 . 8 1  2 3 . 8 1 23 . 5 1 23 . 90 -0 . 4  -0 . 4  - 1 . 6  
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F I GU RE 1 8 .  COMPAR ISON OF THE COMPUTER P ROG RAM RESULTS 
TO TABLE 1 AND F I GURE 4 DATA . SHAPE FACTOR 
CHANG I N G , TEMP E RATURE = 20 DEG - C ,  S P E C I F I C 
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F I GURE 19 . COMPAR I SON OF THE· COMPUTER P ROGRAM RESULTS TO 
TABLE 1 AND F I G URE 4 DATA . SHAP E  FACTOR 
CHANG I NG , TEMP ERATURE 20 DEG - C , SPEC I F I C 
G RAV I TY = 2 . 65 ,  D I AMETER = 0 . 5 mm .  
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F I GURE 20 . COMPARI SON OF THE COMPUTER P ROG RAM RESULTS TO 
TABLE 1 AND F IGURE 4 DATA . SHAPE FACTOR 
CHANG I NG ,  TEMPERATURE = 20 DEG-C , S P E C I F I C  
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F IGURE 2 1 .  COMPAR I S ON OF  THE COMPUTER PROGRAM RESULTS TO 
TABLE 1 AND F I GURE 4 DATA . S HAP E FACTOR 
CHANG I NG , TEMPE RATURE = 20 DEG- C ,  SPEC I F I C  
G RAV I TY = 2 . 65 ,  D I AMETER = 2 . 0 mm .  
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5 1  
that the resu l ts from S l ot equa ti on have more dev i ati ons  from 
I . A . C . W . R . resu l ts than CS CD and  CS RE � 
I n  the th i rd a nd fi na l  s et o f  tests , the s pec i fi c  gra v i ty wa s 
va ri ed for shape factors o f  0 . 3 ,  0 . 5 ,  0 . 7 ,  0 . 9 ,  and 1 . 0  wh i l e  the 
pa rt i cl e d i ameter wa s hel d con s tant . Tab l e 5 s hows the percent 
devi at i ons  of the program res u l ts from Ta bl e 1 and F i gure 4 da ta . 
Once aga i n , th e compari s on of  Ta bl e 1 and F i gu re 4 fa l l  ve l oc i t i es  vs . 
the fa l l  vel oc i ti es obta i ned by CSCD , CSRE , and S l ot methods a re 
graphed i n  F i gures 22 through 2 6 . The CSCD , CSRE , and S 1 ot  methods  
a re represented  by the  s ame symbo l s a s  u s ed i n  the p rev i ous  fi gures . 
Aga i n ,  the program resu l ts  for CSCD and  CS RE fa l l  vel oc i t i es l i e on  
the  l i ne o f  I . A . C . W . R .  fa l l ve l oc i t i es wi th on l y  an  occa s i ona l  
devi a t i on . 
Loo k i ng at  the data p roduced by the S l ot equat i o n , i t  can  be 
seen tha t  the res ul ts  have a l arge r dev i at i on than CSCD and  CSRE from 
the I . A . C . W . R . da te . Al s o , i t  a ppea rs that the h i gher t he ve l oc i ty 
the g reater the dev i ati on  from I . A . C . W . R . The res u l ts  appea r mos t  
accu rate for a s hape factor of 0 . 9  ( F i g u re 25 ) .  
Fi gures 27  through 2 9  s how the  re l at i on of . the nomi na l d i a ­
meter o f  a natura l ly  worn q ua rtz pa rt i c l e to i ts fa l l ve l oc i ty i n  










° and  4 0° C for  s ha pe factors of 0 . 5 ,  0 .  7 ,  and  
0 . 9 ,  res pect i vel y .  These fi gu re s  were a l so  p l o tted from the data 
obta i ned from the compute r p ro g ram u s i n g  CSCD method by - th i s  a u thor  
whereas  the curves i n  Fi gure 5 were computed  from the  drag coeffi c i ent 
TABLE 5 .  PROGRAM FALL VELOCI TY DEV I AT I ONS ( % )  FROM TABLE 1 ( I . A . C . W . R . ) AND F IGURE 1 ( I . A . C . W . R . ) 
FOR CHANGI NG SPEC I F I C  GRAV I TY 
FALL VELOC I TY PERCENT DEV I AT I ON  (%} 
Parti cl e 
Di ameter Te� . Shape Spec i f i c  c s  vs . co CS vs . RE R. E .  Slot  I . A . C . W . R .  
{11111) c Factor . §.r�vitr cm/ s  cm/s cm/s cm/s cs vs . co CS vs . RE R . E .  Slot 
0 . 50 20 0 . 30 2 . 00 3 . 60 3 . 60 3 . 70 3 . 53 2 . 0  2 . 0  4 . 8  
0 . 50 20 0 . 30 2 . 65 5 . 03 5 . 03 5 . 08 4 . 90 2 . 6  2 . 6  3 . 7  
0 . 50 20 0 . 30 4 . 30 7 .  7 7  7 . 68 7 . 76 7 . 62 2 . 0  0 . 8  1 . 8  
0 . 50 20 0 . 30 5 . 00 8 . 69 8 . 63 8 . 70 8 . 50 2 . 2  1 . 5  . 2 . 3  
0 . 50 20 0 . 30 6 . 00 9 . 9 1  9 . 88 9 . 92 9 . 70 2 . 2 1 . 6  2 . 3 
0 . 50 20 0 . 30 7 . 50 1 1 . 54 1 1 . 56 1 1 . 57 1 1 . 40 1 . 2  1 . 4  1 . 5  
0 . 50 20 0. 50 2 . 00 4 . 03 4 . 02 4 . 02 3 . 89 3 . 6  3 . 3  3 . 3  
0 . 50 20 0 . 50 2 . 65 5 . 5 7 5 . 5 7 5 . 5 5 5 . 63 - 1 . 1 - 1 . 1 - 1 . 4  
0. 50 20 0 . 50 4 . 30 8 . 7 3 8 . 74 8 . 55 8 . 79 -0. 7 - 0 . 6 - 2 . 7  
0 . 50 20 0 . 50 5 . 00 9 . 80 9 . 8 1 9 . 6 1  9 . 85 -0 . 5  -0 . 4  - 2 . 4  
0 . 50 20 0 . 50 6 . 00 1 1 . 19 1 1 . 20 1 0 . 99 . 1 1 . 3 1 - 1 . 1 - 1 . 0  - 2 . 8  
0 . 50 20 0 . 50 7 . 50 13 . 06 1 3 . 08 12 . 85 1 3 . 40 - 2 . 5 - 2 . 4  -4 . 1 
0 . 50 20 0. 70 2 . 00 4 . 4 3  4 . 4 3 4 . 44 4 . 4 7 -0 . 9  -0 . 9  -0 . 7  
0 . 50 20 ' 0 . 70 2 . 65 6 . 30 6 . 30 6 . 20 6 . 3 1 -0 . 2  -0 . 2  - 1 . 7  
0 . 50 20 0 . 70 4 . 30 10 . 06 10 . 06 9 . 67 10 . 10 - 0 . 4  -0 . 4  -4 . 3  
0 . 50 20 0 . 70 5 . 00 1 1 . 44 1 1 . 4 3 10 . 90 1 1 . 34 0 . 9  0 � 8  - 3 . 9 
0 . 50 20 0 . 70 6 . 00 1 3 . 2 7  1 3 . 26 1 2 . 52 1 3 . 05 1 . 7  1 . 6  - 4 . 1  
0 . 50 20 ; 0 . 70 7 . 50 15 . 8 1 1 5 . 79 14 . 69 1 5 . 50 2 . 0  1 . 9  - 5 . 2  
0 . 50 20 0 . 90 2 . 00 4 . 99 5 . 00 5 . 06 4 . 95 0 . 8  1 . 0  2 . 2  
0 . 50 20 0 . 90 2 . 65 7 . 1 1  7 . 12 7 . 16 7 . 02 1 . 3  1 . 4  ·2 . 0  
0 . 50 20 0 . 90 4 . 30 1 1 . 34 1 1 . 3 1 1 1 . 4 1  1 1 . 30 0 . 4 0 . 1 1 . 0  
0 . 50 20 0 . 90 5 � 00 12 . 85 1 2 . 79 1 2 . 95 12 • .  76 0 . 7 0 . 2  1 . 5  
0 . 50 20 0 . 90 6 . 00 14 . 87 14 . 77 1 4 . 97 14 . 78 0 . 6 -0 . 1 1 . 3  
0 . 50 20 0 . 90 7 . 50 1 7 . 64 1 7 . 48 1 7 . 72 1 7 . 70 -0. 3 - 1 . 2  0 . 1 
0 . 50 20 1 . 00 2 . 00 5 . 34 5 . 34 5 . 49 5 . 03 6 . 2  6 . 2  9 . 2  
0 . 50 20 1 . 00 2 . 65 7 . 58 7 . 58 7 . 87 7 . 45 1 . 7  1 . 8  5 . 6  
0 . 50 20 1 . 00 4 .  30 12 . 24 12 . 23  1 2 . 7 7  1 2 . 16 0 . 7 0 . 6  5 . 0  
o . 5o · 20 1 . 00 5 . 00 1 3 . 98 ' 1 3 . 97 14 . 57 14 . 09 - 0 . 8  -0 . 8  3 . 4  
0 . 50 20 1 . 00 6 . 00 16 . 3 1 1 6 . 29 16 . 95 15 . 7 1 3 . 8 3 . 7 7 . 9  
0 . 50 20 1 . 00 7 . 50 19 . 40 1 9 . 33 20 . 22 1 9 . 33 0 . 4  0 . 0  4 . 6  
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F IGURE 22 . COMPAR I SON OF THE COt�PUTE R P ROG RAM RESULTS 
TO TAB LE 1 AN D F I GURE 4 DATA . SPEC I F I C  
GRAV I TY CHANG I NG , TEMPE RATURE = 20 DEG-C , 
D IAMETE R = 0 . 5  mm ,  ·s HAP E FACTOR = 0 . 3 .  
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F I GURE 2 3 .  COMPARI SON OF THE" COMPUTER P ROG RAM RESULTS TO 
TABLE 1 AND F I GU RE 4 DATA . SPEC I F I C G RAV I TY 
CHANG I NG ,  D I AMETER = 0 . 50 mrn ,  TEMP E RATURE = 
20 DEG- C ,  SHAPE FACTOR = 0 . 5 .  
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F I GURE 24 . COMPARI SON OF THE. COMPUTER P ROG RAM RESULTS TO 
TABLE 1 AND F I GURE  4 DATA . SPE C I F I C G RAV I TY 
CHANG I NG , DI AMETER = 0 . 05 mm ,  TEMP ERATURE = 
20 DEG- C ,  S HAPE FACTOR = _ 0 . 7 .  
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F I GURE 2 5 .  C0�1PARI SON O F  THE COMPUTER PROG RAM RESULTS TO 
TABLE 1 AND F I GURE 4 DATA . SPEC I F I C  GRAV I TY 
CHANG I NG ,  TEMPERATURE = 20  DEG- C ,  D I AMETER = 
·0 . 5  mm ,  S I:IAP E FACTOR = 0 . 9 . 
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F I GURE 26 . COMPAR I S ON OF THE COMPUTER P ROG RAM RESULTS TO 
TABLE 1 AND F I G U RE 4 DATA . SPEC I F I C  G RAV I TY 
CHANG I NG ,  D IAM ETE R = 0 . 50 ·mm ,  TEMPERATU RE = 
20 D EG- C , S HAP E FACTOR = 1 . 0 .  
5 7  
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curves of  Fi gure 4 .  I n  F i gure 2 7 ,  t he c u rves o f  fa l l vel oc i t i es match  
the  I . A . C . W . R . curves in  F i gure 5 for the s ha pe fa ctor of  0 . 5 w i th  
very l i tt l e dev i at ion . I t  mus t  be  noted that the compa r i son of F i gure 
2 7  to Fi gure 5 i s  not nece s sa ri l y  an  i nd i cat i on of  the accura cy of  the 
F i gure 27 cu rve s , when compa red  to actual  fa l l ve l oc i ty data , s i nce  
Fi gure 5 curves were computed from the data ta ken from F i gure 4 wh i c h ,  
a s  d i s cu s sed earl i er ,  has  s ome i n herent errors and a pproxi ma t i ons . 
F i gures 28 and 29 , a re the same a s  F i gure 27 but  for the s ha pe fa ctors 
of  0 . 7 and 0 . 9 , res pec ti ve l y . F i gure 28 i s  s i mi l a r to F i gure 5 w i th a 
s ha pe fa ctor of  0 .  7 ,  and d i ffe rs for the same reason that F i gure 2 7  
d i ffers from Fi gure 5 wi th  a s ha pe facto r  of 0 . 5 .  F i gure 28 i s  a l so  
s i mi l a r  to  Fi gure 5 wi th a s h a pe fa c tor of 0 . 9 ,  and d i ffers for the 
same rea son as  ment i oned befo re . · The curves appear mos t  accura te for 
the s hape factor of  0 . 9  ( F i gure 29 ) .  
Tab l e 6 i s  a ta b l e o f  a ve ra ge percent dev i ati on s  for the three 
-
computer  methods fo r eac h  cond i t i on men t i oned before . The _ ave ra ge 
percent de v i  at  i on i s  equa 1 to the  sum  of the abso  1 ute va 1 ues of  the 
percen t de vi ati ons for eac h method from Ta b l e 3 ,  Tabl e 4 ,  and  Ta b l e  5 
di v i ded by the number o f  attempts u s ed i n  eac h  method . From the da ta 
i n  Ta b l e  6 ,  i t  appears that the c5 vs . Re re l at i ons h i p offers the mo s t  
a ccura te res u l ts when compare d  t o  Ta b l e 1 a nd F i gure 4 .  The fa l l 
_ vel oc i t i es  ca l cu l a ted from the c5 v s . CD and  c5 vs . Re re l at i ons h i ps  
s hou l d be the  same s i nce both re l at i on sh i ps were obta i ned from the  
s ame c urves ( Fi gure 4 ) . The s l i ght d i screpa ncy i s  due to  i nterpol a ­
t i on al ong the di gi t i zed cu rves . Compa ri son of F i gure 6 ( C5 vs  CD ) to 
5 9  
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FI GURE 27 . RELAT I ON OF  N OM I NAL D I AMETER AND FALL V E LOC I TY FOR  
NATURALLY WORN Q UARTZ  PARTI CLES FALL I NG ALON E I N  
QU I ES CENT D I STI LLE D WATE R OF I NF I N ITE EXTENT US I NG 
CS CD FALL VELO C I TY COMPUTER  RESULTS . SHAP E FACTOR 
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F I GURE 28 . RELAT I ON OF  NOM I NAL D IAMETER AND FALL VELOC I TY 
FOR NATURALLY WORN QUARTZ PART I CLES FALL I NG ALONE 
IN QU I ES CENT D I STILLED  WATER OF  I NF I N I TE EXTENT 
US I NG CS CD FALL V E LOC I TY COMPUTER RESU LTS . SHAPE 
FACTO R = 0 . 7 . 
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F I GURE 29 . RELATI ON OF NOM I NAL D I A�ETER AND FALL VELOC ITY FOR 
NATURALLY WORN QUARTZ PART I CLES FALL I NG ALONE I N  
QUI ES CENT D I S T I L L E D  WATER  OF I N F I N I TE EXTENT US I NG 
CS CD FALL VELOC I TY COMPUTE R RES ULTS . SHAPE  FACTOR 
= 0 . 9 .  
TABLE 6 .  AVE RAGE P E RCENT DEV I AT I ON OF THE COMPUTE R PROG RAM 
RESULTS FROM TAB LE  1 AND F I GU RE 4 DATA UNDER THE 
THREE COND I T I ONS . 
-
AV ERAG E P ERCENT DEV IAT I ON 
Con di t i on CS vs . CD CS vs . RE S l ot  
Di ameter Va ri ed 1 . 18 
Shape Fac tor  Vari ed 0 . 97 
Spec i fi c  Gra v i ty Va r i ed 1 . 52 
1 . 22 
0 . 9 1  
1 . 39 
2 . 64 
3 . 98 
3 . 2 3  
6 2  
6 3  
F i gure 9 ( c5 vs  Re ) s hows that  F i g u re 9 ha s l e ss  curvature than  F i gure 
6 wh i c h pro ba bl y res u l ts i n  l es s  erro r  i n  i nterpol a t i on between c5 
va l ues a nd contri b utes to the  s l i ght l y g rea ter acc uracy of the c5 v s . 
Re re l at i ons h i p .  
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CONCLU S I ONS AN D RECOMMENDAT I ONS  
Concl u s i ons  
Some of the c u rren t theor i es  a nd eq uat i ons  concern i ng fa l l  
vel oc i ty of sediment pa rti c l e s  do not a pproach  the accura cy o f  the  
accepted data , shown i n  TAbl e 1 and  Fi g ure 5 .  When  these  theori e s  and  
equa ti ons are a ppl i ed to  pa rt i c l e pro ol ems , the  re s u l ts obta i ned a re 
often erroneou s .  Th i s  thes i s  p rese nts  more rea sona bl e procedures a nd 
a broa der ra nge for the s o l ut i o n  of  pro b l ems , of  fa l l ve l oc i ty of 
sed i ment part i c l es . Al so , i t  p resents an  e xtended computer pro g ram 
wh i ch appea rs to  yi el d rather rea sona b l e  resul ts agree i ng w i th  
I . A . C . W . R . res u l ts . The resu l ts a re very c l ose  to the accepted da ta 
over the fu l l range of the · accepted da ta , s i nce the compute� program 
i s  based on theoret i ca l  s tudy a nd a pproxi mat i on . Al so a s  s ta ted i n  
the  Ana l ys i s ,  a fu l l theo ret i ca l  a na l ys i s of  fa l l  vel o c i ty i s  
-
d i ffi cul t .  I t  i s  fe l t that the  computer program descri be d i n  th i s  
thes i s  ful fi l l s  the fo l l ow i ng  cr i ter i a : 
1 .  The res u l ts  a re a ccura te fo r a w i de ra nge of 
pa rti c l e  s ha pes , s pec i fi c  grav i t i es ,  s pec i fi c  we i gh ts , 
a nd fl u i d tempera tures . 
2 .  The methods o f  so l u t i on a re s i mpl e ,  d i rect and  
a l so el i m i nate ti me- consumi ng tri a l s .  
I t  i s  hoped , tha t th i s  extended computer program wi  1 1  be 
u s efu l for determi ni ng  fa l l vel oc i ty fo r a l l a pp l i cat ions . 
6 5  
Recommendati on s 
L i mi tat i ons  on  the mea s u rement  of fa l l ve l oc i t i es ren ders  i t  
i mpos s i bl e  to make a fa i r  compari son over the whol e range o f  the 
comp u ter  program res u l ts . I t  i s  thu s recommen ded that mo re ex peri ­
men tal  mea surements  of fa l l ve l o c i ty s ho u l d be  made fo r part i c l e s  that  
are sma l l er than  the  very fi ne sand  ( 0 . 0625 mm) ( i . e . , s i l ts and  
c l ays ) . Al so , the  compute r  p ro gram l oses  some accuracy due to  i n ter­
pol at i on error because  of the l i mi ted  n umber of po i nts wh i ch were 
ta ken from c5 vs  CD o r  the c5 vs  Re curve s . Any add i t i ona l  study to 
dete rmi ne fa l l  vel oc i ty s ho u l d i nc l ude sma l l parti c l e  s i zes  and  more 
po i nts ta ken from the c u rves c5 v s . CD and  c5 v s  Re . 
6 6  
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L I ST O F  SYMBOLS 
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L I ST O F  S YMBOLS 
a = maj or axi s of  pa rt i c l e 
b = i ntermedi ate axi s of pa rt i c l e  ( normal to a )  
c = mi ne� a xi s of pa rti c l e ( norma l  to a b )  
c0 = dra g coeffi c i ent 
Cs = s i ze coe ffi c i ent  
d = s phere d i ameter 
dn = pa rti c l e nomi nal  d i ameter 
F = su bmerged wei ght 
F8 = buoya nt force 
FR = res i stance force 
FW = parti c l e  we i ght 
g = gravi tati ona l cons tant  
Re = Reynol ds  number 
s = pa rti c l e spec i fi c  gra v i ty 
S F  = s hape factor  
w = fa l l  ve l oc i ty 
p = fl u i d den s i ty 
p s = parti cl e dens i ty 
� = dynami c v i scos i ty 
v = ki nemat i c v i s cos i ty 
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APPEND I X  B 
COMPLETE L I ST OF TH E COMPUTER P ROGRAM WH I CH COMPUTES THE FAL L 
V E LOC I TY OF NATU RALLY WORN S E D I MENT PART I CLES AND E XAMP LES  OF 
I NPUT DATA AND P ROGRAM OUTPU T .  
6 9  
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1 0  R E M * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � ** * ** * * * * * * *  
2 0  R E M  " T H E S I s  C O M P U T E R  F' F� O G R r� M  " * 
30 R E M  T H I S  I S  AN E X T E N D E D  C O MP U T E R P R O G R A M  W H I C H * 
4 0  R E M  O R I G I NALLY W A S  W� I T T E N  B Y  M I C H A E L  K N O F C Z Y N S K I * 
50 R E M  I N  F ORTRAN I V  A N D  C O N V E R T E D  T O  M I C R O S O F T  B A S I C  * 
6 0  R E M  P C  BY TH I S  A U T H O R . THE P R O G�A M  U S E S  VAR I A T I O N * 
70 R E M  OF C D  VS . R E  C U R V E S  F O R  D I F F E R E N T  S H A P E  F A C T O R S  * 
8 0  R E M  TO C O M P U T E F A LL V E L O C I T Y A N D  C O M P A R E S  RESU L T S  *. 
90 R E M  TO T H E  R . E . S L O T  E Q U A T I O N * 
1 00 REM * * * * *** ***** * * * ** * * * * * ** * * * * * * * * * * * * * * ** * * * * * * * * * * *  
1 1 0 R E M  * THE AB B REV I AT E D  T E R MS U S E D  : * 
1 2 0 R E M  * * *  T F = T E M P ER A T U R E  C D E G - F , D E G - C ) * 
1 3 0 R E M  * * *  S F = P AR T I C L E  S H A P E  F A C T O R  * 
1 4 0 R E M  *** D =NOM I N A L  D I A M E T E R  O F  T H E  P AR T I C LE < MM O N L Y ) * 
1 50 R EM * * *  G =AC C E L E R A T I O N O F  G R A V I T Y < F T / S A2 , M / S A 2 ) * 
1 60 R E M  * * *  N Z = TH E  N U M B E R  O F  P A R T I C L E S  TO B E  A N A L Y Z ED * 
1 70 R E M  * * *  S G = S P E C I F I C  G R A V I T Y O F  T H E  P A R T I C LE W I T H * 
1 8 0 R E M  * * *  R E S P E C T  TO T H E  F L U I D  U S E D  * 
1 9 0 R E M  * * *  NU=K I N E M A T I C  V I S C O C I T Y < F T A 2 / S , M A 2 / S )  , T H E  * 
2 0 0  R E M  * * *  P R O G R A M  W I LL CALCULA T E  K I N E M A T I C  V I S C O S I T Y *  
2 1 0  R E M  * * *  F O R  WAT E R  O N L Y  * 
2 2 0  R E M  * * *  S I = I ND I CA T E S  WHETHER E N G L I S H ( 1 )  O R  S I  ( 2 )  * 
230 R E M  * * *  UN I T S U S E D * 
2 4 0 R E M  * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * *  
2 5 0  D E F  FNLG < A > =LOG C A > I L O G ( 1 0 )  
2 6 0  G O T O 820 
2 7 0  R E M  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
2 8 0  R E M  -** S U B R O U T I N E T O  C A L C UL A T E  T H E  K I N EMAT I C  * 
290 R E M  * *  V I SC O S I T Y O F  W A T E R  * 
3 0 0  R E M  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
3 1 0  R E M  T E M P E RA T U R E  I S  T F  
� 2 0  T C = T F 
3 3 0  I F  S I = 2 T H E N  3 5 0  
3 4 0  T C = ( T F - 3 2 ) * ( 5 / 9 ) 
350 X T = T C -20 
3 6 0  I F  T C > 2 0  T H E N  390 
3 7 0  N U = 1 0 A ( 1 30 1 / ( 9 9 8 . 3 3 3 + 8 . 1 8 5 5 * X T + . 0 0 5 8 5 * X T * X T > - 3 . 3 0 2 3 3 ) 
380 G O T O  4 1 0  
3 9 0  T T = 2 0 - T C  
40 0  N U = . 0 1 0 0 2 * ( 1 (> A ( ( 1 . 3 2 7 2 * T T - . 0 0 1 0 5 3 * X T * X T ) / ( T C + 1 05 ) ) )  
4 1 0  N U = N U / �)000 : R E M  I N  S Q  M / S  
4 2 0  I F  S I = 1 THEN N U = N U * 1 0 . 7 6 3 9 1 
4 3 0  R E T U R N  
4 40 R E M * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
4 5 0  R E M  * *  SUBROU T I N E F O R  I N T E R P OL A T I O N OF SHAPE F A C T OR S  * 
4 6 0 R E M * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
4 70 I F  M = 2  THEN 5 4 0  
; ·  
4 8 0  
4 9 0 
5 0 0  
5 1 0  
5 2 0  
530 
5 4 0 
�:.5 5 0  
�5 6 0  
�5 7 0  
I F  S F > = . ::; AND 
I F  S F > = . 5 A N D  
I F  S F >== . 7· {�1\ID 
I F SF >= . 9 A N D  
I F  SF == l  T HEN 
RE TUR N 
I F  E3F :> .. 3 AND 
I F  f:JF=- > " �3 c=-� N D  
I F S I=- > M  7 AND 
I F  �3F > . t.:? (-�I\ID 
5 8 0  F\ E T U R N  
7 1  
S F < . 5  T H E  I'� S T = . 3 
S F < . 7  T H E N  S T := . 5 
t::> F < . r:; THE N S T = . 7  
S F < 1 T I·..JE N  S T = . 9 
�3 T = 1 
S F <  t::' T H E I\I  S T = . 5 • ....J 
�3F < • 7 T I··-JI::: N S T := . -7 I 
�:>F ·::: .. 9 T H�:: N �:> T =  .. 9 
S F <  :l T H E N  S T = :L 
5 9 0  R E M * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
6 0 0  R E M  * * S U B R O U T I N E T O  D E T E R M I NE DRAG C O E F F I C I E N T  * 
6 1 0  REM ** AND R E Y N O L D S  N U M B E R  * 
6 2 0  REM * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
6 30 I F  S T= . 3 T H E N  K = 1 : A = 3 * 1 0 A 4  : 8= 2 . 7 8  : 8 8 = . 9 5 8  
6 4 0  I F  ST = . 5 T HEN K = 2  : A= 3 * 1 0 A 5  : 8= 1 . 7 2 : 8 �= 1 . 2 1 6 
650 I F  S T = . 7 T H E N  K = 3  : A= 5 * 1 0 A 5  : 8= 1 . 1  : 8 8= 1 . 5 2 
6 6 0  I F  S T = . 9 T H E N  K = 4  : A = 6 * 1 0 A 5  : 8 = . 6 7 : 8 8= 1 . 9 4 9  
6 7 0  I F  S T = 1 T H E N  K=5 : A= 1 * 1 0A6 : 8 = . 5 1  : 8 8 = 2 . 2 3 5  
6 8 0  I F  CS > < A >  T H E N  7 4 0  
6 90 F OR J = l T O  1 1  
7 0 0 I F  S C K , 1 , J )  > FNLG < C S >  T H E N  7 20 
7 1 0  NE X T  J 
7 2 0  Y = l O A < S < K , I , J - l ) + ( F N LG C C S ) - S C K , 1 , J - 1 ) ) * ( 8 ( K , I , . J ) - S C K ,  
I , J - 1 ) > I ( S ( I< , 1 , J ) - S C �� , 1 , J - 1 > > > 
7 30 R E T U R N  
7 4 0  CA=CS 
7 50 I F  I = 2 T HEN C S = l 
7 6 0  I F  1 = 3 THEN B = 8 8 
7 7 0  Y = B * S Q R C C S )  
7 8 0  CS=CA 
790 RETURN 
8 00 RE M * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
8 1 0  R E M  * *  M A I N  P R OGRAM T O  C A L CU L A T E  F ALL V E L O C I T Y * 
8 2 0  REM * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
8 3 0  R E M  ** R E A D  C U R V E  D A T A  * 
8 4 0  REM * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
8 5 0  D I M  8 < 5 , 3 , 1 2 >  
8 6 0  REM * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
8 7 0  R E M  K =  1 , 2 ,  3 ,  4 , 5 I S  S F = . 3 ,  • · 5 , • 7 ,  • 9 ,  1 
8 8 0  REM 1 = 1 , 2 , 3  I S  C S , C D AND R E  
8 9 0  R EM J = 1 , 2  • . .  1 2  A R E  L O G  O F  VALUES 
900 FOR K= 1 TO 5 
9 1 0  FOR 1 = 1  TO 3 
9 2 0  FOR J = 1 TO 1 2  
9 3 0  READ S C K , I , J >  
940 NE X T  J 
9 5 0  NE X T  I 
9 6 0  N E X T  I< 
72 
9 70 REM * * * * * * * * * * ** * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
9 8 0  R E M  * * E N T E R  S E D I M E N T  A N D  W A T E R  DA T A * 
9 9 0  REM * * D E L E T E  I N  S U B R O U T I NE S  * 
1 0 0 0  R E M * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
1 0  :t 0 F' R  I I\IT I I  E: N T I::: R  �::1HAF:· E  F A C T O !� I I :: I NF' l  . ..J T �3 F: 
:t. o�.2 o P F� I N T : F:· 1� :r N T  " EN T E F� < 1 > u .  s .  c u GT D l'1 ?-1 1� Y  or:;: c z )  �"J I U N  I T �3 " 
� I N P U T  S I  
1 0:3 0  P I::: I N T : F' F\ I N ·r " E N T E R  S P E C I F I C  Gf� A V  I T V  OF P A F\ T  I C LE " : I NPUT 
S G  
1 04 0  F'R I N T :: P R I NT " EN T E R  T E MP ER A T U R E  I N  D E G R E E " ;  
1 05 0  I F  S I = 2 T H E N  P R I NT " C " ; : I NP U T  TF : G O T O  1 0 7 0  
1 0 60 P R I NT " F " ; : I NP U T  T F  
1 0 7 0  G=3 2 . 1 7  
1 080 I F  S I = 2 T H E N  8= 9 . 8 0 5 4  
1 0 90 F' I = 3 .. 1 4 1 5 9 3  
1 1 00 F' I:;: I NT � P R I NT " EN T E R  NU1'1 B ER O F  S I Z E S T O  B E  A N A L AY Z E D " : 
I N P U T  I\I Z 
1 1 :t 0 D I 1"1 0 ( l\1 Z ) , �lJ < N Z ) ., W C D ( N Z ) , W f:O.: E ( N Z ) , D D < l'..t Z > 
1 1 2 0  D I M  C D < N Z > , RE < N Z ) , WS L < N Z ) 
1 1 30 FOR I I = 1  TO N Z  
1 1 4 0  F'R I NT " ENTE R  D I AI'1 E T E R  I N  M M  F O R  S I Z E " ; I I 
1 1 50 I NPUT D D C I I >  
1 1 6 0  D < I I > = D D C I I > : RE M  S A V E  O R I G I NA L  D I A M E T E R S  
1 1 70 I F _ S I = 2 T H E N  D C I I > =D C I I > / 1 000 : GOTO 1 1 9 0  
1 1 80 D < I I > = D C I I ) / 304 . 8 
1 1 90 NE X T  I I  
1 200 R EM ** *** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
1 2 1 0 R EM * *  C A L C U L A T E  V I S C O S I TY * 
1 220 REM * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
1 2 30 GOSUB 280 
1 2 4 0  REM * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * *** * * * * * * * * * * * * * *  
1 2 50 F O R  I I = l  TO N Z  
1 26 0  D=D < I I >  
1 270 CS= C < P I / 6 ) * D *D * D * < SG - 1 ) *G ) / C NU *NU ) 
1 2 80 M= 1 : J J =O 
1 29 0  REM * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * *  
1 300 REM * *  I NT E R P O L A T E  S H A P E  F A C T OR * 
1 3 1 0  REM * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
1 3 20 GOSUB 4 5 0  
1 330 GOTO 1 3 70 
1 34 0  I F  S F = S T  T H E N  G O T O  1 460 
1 35 0  M = 2  : J J = 1 
1 3 6 0  GOSUB 4 5 0  
7 3  
1 3 7 0  I = 2 
1 38 0  G O S U B  6 0 0  
1 39 0  R E M  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * *  
1 4 00 R E M * *  US I N G D R A G  C O E F F I C I E N T  TO G E T  F A L L  V E L O C I TY * 
1 4 1 0 R E M  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
1 4 20 I F  J J = t THEN 1 4 6 0  
1 4 3 0  C l = Y : R E M  C D  
1 4 4 0  S l = S T  
1 4 50 G O T O  1 340 
1 460 C 2 = Y  : R E M  C O  
1 4 7 0  S 2 = S T  
1 480 . I F  C l = C 2  T H E N  1 5 1 0  
1 490 C D = 1 0A C F NLG C C 1 ) � ( ( F N L G < C 1 > - F N L G C C2 ) ) * C F NLG < S F > - F N L G C S  
1 ) ) / C FNLG C S 2 > -FNL G C S 1 ) ) ) )  
1 5 00 G O T O  1 52 0  
1 5 1 0 C D = C 1 
1 520 W C D = < < 4 * D * C SG - 1 > * G ) / ( 3 * C D > > � . 5  
1 530 WCD C I I > = W C D  
1 540 REM * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * ** * * * * * * * * * *  
1 5 50 R E M  � *  U S I NG R E Y NO L D S  NUMBER TO G E T  F ALL V E L O C I T Y * 
1 560 R E M  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
1 5 7 0  M = l : J J = O 
1 58 0  GOSUB 4 5 0  
1 5 90 G O T O  1 63 0  
1 60 0  I F  S F = ST T H E N  1 69 0  
1 6 1 0 M = 2  : J J = l 
1 62 0  GOSUB 4 50 
1 630 I = 3-
1 640 GOSUB 6 0 0  
1 6 50 I F  J J = t T H E N  1 69 0  
1 66 0  R 1 = Y  : R E M  R E  
1 6 7 0  S t = S T  
1 68 0  GOTO 1 60 0  
1 6 9 0  R2=Y 
1 700 S 2 = �T 
1 7 1 0 I F  R 1 = R 2  T H E N  1 7 4 0  
1 72 0  R E = 1 0 A < F N L G C R 1 > + < < F NLG < R 2 > - F N L G C R 1 > > * C F NLG < SF 
> - FNLG C S 1 ) ) / ( F N L G C S 2 > - F N LG < S 1 > > > >  
1 73 0  G O T O  1 7 5 0  
1 7 4 0  R E = R l 
1 75 0  WRE= < RE *NU ) / D  
1 7 60 WRE C I I > = W R E  
1 7 7 0  D < I I > = D 
1 780 I F  S I = 1  T H E N  1 7 2 0  
1 79 0  WR E C I I > =W RE < I I > * 1 0 0 W CD C I I > =W C D < I I > * 1 0 0 
1 800 CD < I I > = CD R E < I I > =R E  
1 8 1 0  NE X T  I I  
1 82 0 REM *** * * * * * * * * * ** * * * * * * * * * * ** * * * * * * * * * * * * * * * 
1 8 30 R E M  ** U S I N G R . E .  S L O T  EQU A T I O N TO G E T  * 
1 8 4 0  REM ** F A L L  VELOC I T Y * 
1 8 5 0  REM * * * � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
1 86 0  K 0 = . 1 0 9- . 1 * SF 
1 8 7 0  K 1 = . 63 5 - . 25 *SF 
1 88 0  K 2 = ( 8 . 9 5 - 6 . 3 4 *S F ) * 1 0A - 5  
1 890 F OR I I = l  T O  N Z  
1 90 0  D = D D C I I > / 1 0 0 0  
1 9 1 0  8= 9 . 8 1 0 0 0 1 
1 9 2 0  C S = < < P I / 6 ) *D *D * D * < SG - 1 ) *G ) / ( NU *NU ) 
1 9 30 F B = K O + K  1 * C S ····· ( - .  3 3 3  > +1< 2 *C S·'·· < .  3 3 3  > 
1 94 0  W SL < I I > = < NU / ( 2 * D * F B > > * < - 1 + SQ R C 1 + C C 4 *C S*F B ) / ( 3 
·IE-F' I ) ) ) > 
1 95 0  W SL < I I > = W SL C I I > * l OO 
1 96 0  NE X T  I I  
1 970 R E M  * * * * * * * * * * * * * * * * * * * * * * * ** * * � * * * * * * * * * * * * *  
1 9 8 0  LF' I� I NT I I D I A .  SF S F' T E M P  CD 
R E  w < CD )  �\j C RE )  w ( SL )  I I  
1 9 9 0  I F  S I = 1  T H E N  2 0 20 
2 0 0 0  LF'R  I N T  I I  M l'1 G R  c 
C M / S  C I'1 / S  
. 
C M / 3 1 1 
25) 1 0  G O T O  2 0 3 0  
2 0 2 0  LF'R I NT I I M M  G R  F 
F T / S F T / S  F T / S "  
2 0 3 0  LPR I N T  I I - - - - - - - - - - - - - - - � - - - - - - - - -- - ---- - - - - - -
- ·- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - , ,  
2 0 4 0  L E T  A$= . .  # # . # #  
# .  ## ···, ..... ....... ··· :� # # . # # 
2 0 5 0  LET B $= I I :� # . # #  
# . ## ·'······ . . -.. ..... :� # # . # #  
2 0 6 0  FOR I I = l  T O  N Z  
# # . # # # # # . # # 
# # # . #·# 
# # . # #  # # # . # # 
# # # . # #  
2 0 7 0  I F  S I = l  T H E N  2 1 00 
# # # . # # 
# # # . # # I I 
# # # . # 
# # # . :tf # " 
# # # . # # 
# # # . # #  
2 0 8 0 L F' R I N T  L J  S I l\1 G A$ ; D D ( I I > ., SF ., S G '1 T F , CD < I I ) , R E ( I I ) 
, W C D  < I I ) , WRE ( I I ) , W S L  ( I I ) 
2 0 9 0  G O T O  2 1 1 0  
74 
2 1 0 0 L P R  I N T  U S I N G  B :� ; D D  < I  I >  ., SF , S G ., T F , C D < I I )  , RE ( I  I )  , W C D  < I  I >  
, WRE ( I I ) , WSL ( I I > 
2 1 1 0  NE X T  I I  
2 1 20 LPR I NT � � - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I I  
2 1 30 I F  S I = l  T H E N  2 1 6 0 
2 1 4 0 LF'R I N T : L F' R I NT : L F' R I N T t i �� I N E M A T I C  V I SC O S I T Y == " ; N U ; I I 
SQ M I S "  
2 1 50 E N D  
2 1 60 L P R I N T : L F' R I N T 
SQ F T / S " 
2 1 7 0 END 
L PR I N T . .  K I NE M A T I C  V I SC O S I T Y = I I . NU . I I  !I !I 
75  
2 1 80 REM * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
2 1 9 0 R E M  * * C U R V E  D A T A  F O LL O W S  * 
2 20 0  REM * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
2 2 1 0  D A T A  - . 5 4 9 8 , . 0 2 6 9 , . 5 5 6 , 1 . 2 04 , 1 . -8 1 3 , 2 . 60 2 , 2 . 9 0 3 , 3 . 1 1 4 ,  
3 . 3 1 , 3 . 6 0 2 , 3 . 9 5 4 , 4 . 4 7 7  
2 2 2 0  D A TA 3 , 2 . 4 33 , 1 . 9 0 3 , 1 . 4 7 7 , 1 . 1 4 6 , . 7 78 , . 66 8 , . 6 0 2 , . 5 5 6 , . 5  
05 , . 47 7 � . 4 4 4  
2230 D A T A  - 1 . 5 7 2 , - 1 . 0 , - . 4 6 4 7 . 0 6 5 , . 5 36 , 1 . 1 1 4 , 1 . � 2 1 , 1 . 4 5 9 7 1 .  
5 7 5 , 1 . 7 5 2 , 1 . 9 4 2 , 2 . 2 2 
2240 D A T A  - . 5 7 6 8 , 0 . 0 1 2 4 , . 5 3 2 , . 9 2 9 , 1 . 39 8 , 1 . 7 7 8 , 2 . 2 5 5 , 2 . 8 1 3 , 
3 . 3 4 2 , 4 . 2 5 5 , 5 , 5 . 4 7 7  
2250 D A T A  3 , 2 . 4 1 8 3 , 1 . 9 0 3 , 1 . 6 0 2 , 1 . 3 0 1 , 1 . 0 79 , . 84 5 , . 6 0 2 , . 4 4 7 , 
. 27 9 , . 2 1 8 , . 2 1 
2 260 DATA - 1 . 5 8 5 , - 1 . 0 , - . 4 8 2 , - . 1 3 3 , . 25 1 , . 55 1 , . 9 0 8 , 1 . 3 08 , 1 . 6  
5 1 , 2 . 1 9 1 , 2 . 5 9 4 , 2 . 8 3 7  
2 2 70 D A T A  - . 6 2 0 5 , - . 0 0 26 , . 50 5 , 1 . 1 1 4 , 1 . 58 , 1 . 9 5 4 , 2 . 6 6 3 , 3 . 1 1 4 ,  
3 . 6 9 9 , 4 . 1 1 4 , 4 . 6 0 , 5 . 6 9 9  
2280 D A T A  3 , 2 . 4 0 3 , 1 . 9 0 3 , 1 . 4 1 5 , 1 . 1 1 4 , . 9 0 3 , . 5 8 , . 3 9 8 , . 2 0 4 , . 1 1 
4 , . 0 79 , . 0 4 1  
2 2 9 0  D A T A  - 1 . 6 0 7 , - l . 0 , - . 4 9 � , . 0 5 2 , . 4 36 , . 7 2 8 , 1 . 2 4 4 , 1 . 5 6 1 , 1 . 9  
5 , 2 . 2 0 3 , 2 . 4 64 , 3 . 0 3 1  
2300 DATA - . 64 6 , - . 0 1 6 8 , . 47 7 , 1 , 1 . 6 2 3 , 2 . 6 9 9 , 3 . 1 4 6 , 3 . 9 2 9 , 4 . 3 0 
1 , 4 . 8 7 5 , 5 . 30 1 , 5 . 7 7 8  
2 3 1 0  DATA 3 , 2 . 38 9 , 1 . 9 03 , 1 . 4 7 7 , 1 . 04 1 , . 4 6 2 , . 2 7 9 , . 0 4 1 , - . 04 6 , -
. 1 25 , - . 1 5 5 , - . 1 7 4 
. 
2320 DATA - 1 . 6 2 , - 1 . 0 , - . 5 1 , - . 0 2 1 , . 4 9 4 , 1 . 3 2 2 , 1 . 63 7 , 2 . 1 4 , 2 . 3 7 
6 , 2 . 7 0 3 , 2 . 9 3 1 , 3 . 1 7 9 
2 330 DATA - . 67 2 , - . 0 2 2 3 , . 4 4 7 , 1 . 1 1 4 , 1 . 7 63 , 2 . 30 1 , 2 . 84 5 , 3 . 5 3 2 , 
4 . 1 1 4 , 4 . 53 2 , 5 . 1 1 4 , 6  
2 3 4 0  DAT A 3 , 2 . 38 4 , 1 . 9 0 3 , 1 . 3 2 2 , . 9 0 3 , . 6 02 , . 34 2 , . 0 7 9 , - . 0 9 7 , - . 
1 8 7 , - . 2 5 2 , - . 2 9 2  
2 350 D A T A  - 1 . 63 , - 1 . 0 , - . 5 2 5 , . 0 9 9 , . 6 2 3 , 1 . 0 5 3 , 1 . 4 5 5 , 1 . 9 2 9 , 2 . 3  
0 1 , 2 . 5 56 , 2 . 8 8 7 , 3 . 3 4 9  
2 36 0  REM E N D  O F  D A T A  
- 0 . 5498 0 . 0269 0 . 5560 1 . 204 
3 . 0000 2 . 433 1 . 903 1 . 4 77 
- 1 . 572 - 1 . 0  -0 . 464 0 . 065 
- 0 . 5768 0 . 0 124 0 . 532 0 . 929 
3 . 0000 2 . 4 183 1 . 903 1 . 602 
- 1 . 585 - 1 . 0  -0 . 482 -0 . 133  
-0 . 6 205  -0 . 0026 0 . 505 1 . 1 14 
3 . 000 2 . 403 1 . 903 1 . 4 15 
- 1 . 607 - 1 . 0  -0 . 496 0 . 052 
-0 . 646 -0 . 0168 ' 0 . 477 1 . 0  
3 . 000 2 . 389 1 . 903 1 . 4 77 
- 1 . 620 - 1 . 0  -0 . 5 1 -0 . 02 1  
- 0 . 6 72 - 0 . 0223 0 . 447 1 . 1 14 
3 . 000 2 . 384 1 . 903 1 .  32.2 
- 1 . 6 3 - 1 . 0 - 0 . 525  0 . 099 
PROGRAM DATA (SF 0 . 3 TRHOUGH SF  1 . 0 ) 
1 . 8 13 2 . ,602 2 . 903 3 . 1 14 3 . 3 10  
1 . 146 0 . 778 0 . 668 0 . 602 0 . 556  
0 . 536 1 . 1 14 1 . 32 1  1 . 459 1 . 575  
1 . 398 1 . 778 2 . 255 2 . 8 1 3  3 . 342 
1 . 30 1  1 . 079 0 . 845 · o . 6o2 0 . 44 7  
0 . 25 1  0 . 5 5 1  0 . 908 1 . 308 1 . 6 5 1  
1 . 58 1 . 954 2 . 663 3 . 1 14 3 . 699 
1 . 1 14 0 . 903 0 . 58 0 . 398 0 . 204 
0 . 436 0 . 728 1 . 244 . 1 . 5 6 1  1 . 95 
1 . 623 2 . 699 3 . 146 3 . 929 4 . 30 1  
1 . 04 1  0 . 462 0 . 279  0 . 04 1  - 0 . 046 
0 . 494 1 . 322  1 . 637 2 . 14 2 . 376  
1 . 763 2 . 30 1 2 . 845 3 . 532 4 . 1 14 
0 . 903 0 . 602 0 . 342 0 . 079 0 . 097 
0 . 623  1 . 053  1 . 455  1 . 929 2 . 301  
3 . 602 
0 . 505 
1 . 752  
4 . 2 55  
0 . 2 79 
2 . 19 1 
4 . 1 14 
0 . 1 14 
2 . 203 
4 . 875  
-0 . 1 25  
2 . 703 
4 . 532 
-0 . 187 
2 . 556 
3 . 954 4 . 4 7 7  
. 0 . 477  0 . 444 
1 . 942  2 . 22 
5 . 000 5 . 477  
0 . 2 18 0 . 2 10 
2 . 594 2 . 83 7  
4 . 60 5 . 699 
0 . 079  0 . 04 1  
2 . 404 3 . 03 1  
5 .  30  1 . 5 .  7 78 
-0 . 1 55  -0 . 1 74 
2 . 9 3 1  3 . 1 79  
5 . 1 14 6 . 00 
-0 . 2 52 -0 . 292  


















0 . 6  
0 . 06 
0 . 6  
6 . 0  
0 . 3  
0 . 06 
0 . 6  
6 . 0 
0 . 5  
0 . 06 
0 . 6  
6 . 0  
0 . 6  
0 . 06 
0 . 6  
6 . 0  
I NPUT DATA FOR TH E F I RST EXAMP LE 
2 . 0  
0 . 08 
0 . 8  
8 . 0  
2 . 65  10 . 0  16 . 0  
0 . 1 0 .  2 0 .. 3 
1 . 0  2 . 0  3 . 0  
0 . 4  
4 . 0 
I N PU T DATA FOR TH E S E CON D EXAMP LE 
2 . 0  
0 . 09 
0 . 8  
8 . 0  
7 . 5  20 . 0  16 . 0  
0 . 1 0 . 2  0 . 3  
1 . 0  2 . 0  3 . 0  
0 . 4  
4 . 0  
I N PUT DATA FOR THE TH I RD EXAMP LE  
1 6 . 0  2 . 0  
0 . 09 
0 . 8  
8 . 0  
4 . 5 30 . 0  
0 . 1 0 . 2  
1 . 0 2 . 0  
0 . 3 0 . 4  
3 . 0  . 4 . 0  
I NPUT DATA FOR  THE FOURTH EXAMP LE 
2 . 0  4 . 0  40 . 0  1 6 . 0  
0 . 08 0 . 1 0 . 2  0 . 3 
0 . 8  1 . 0  . 2 . 0  3 . 0  
8 . 0  
0 . 4  
4 . 0  
0 . 5 
5 . 0 
0 . 5 
5 . 0 
0 . 5 
5 . 0  
0 . 5 
5 . 0 
7 7  
EXAMPLE 1 .  OUTPUT FOR CALCULATED  FALL  VELOC ITY B Y  TH E COMPUTER P ROGRAM FOR S I XTEEN  
PARTI CLE S I ZES , S HAP E FACTO§ EQUAL TO  0 . 60 ,  SPEC I F I C  GRAV ITY EQUAL TO 2 . 65 ,  
AND TEMPERATURE EQUAL TO . 10 C .  
D I �·� lVI 
I'·1 1VJ 
0 .. 06 
0 . .  ()(3 
0 .. 1 0 
0 .. :;;;� 0 
0 .. :::::o 
0 . 4- 0  
o .. �:; o  
(i . 60 
0 .. 00 
l .. (l(l 
:? .  00 
::::: .. 00 
4 . 00 
::.:.:; .. 00 
6 .. 00 
D .. O O  
SF 
0 . 60 
0 . 60 
0 . . 6 0  
0 . 6 0 
0 .. 6 0  
0 . 60 
0 .. 6 0  
0 . 6 0 
0 .. 6 0  
0 . 6 0 
0 .. 60 
0 . 60 
O w 60 
0 .. 60 
0 .. 60 
0 .. 60 
SP G l�  
2 .. 6 �j  
'"> , 1::� ''" . t . ... J 
2 .  6 �5  
2 .. 6 :: ; 
2 .. 6 �.:; 
2 .  6 �::; 
2 .. 6 :5  
2 .  6 ::.:; 
2 .. 6::.�; 
,., /.. �;:· ..: .. . \.,) ... J 
2 .. 6 �5 . 
�.2 .. f.:>�5 
:�·:� .. 6�:.:; 
2 .  6 :=::; 
::? u 6:=.:.:.i 
2 .  6�.:5 
T E IVIP C D  F�E 
( ... . I
1 0  .. 0 0  2 4 :;:� . 5'1 O .. l :L E +OO 
1 0 . 00 1 o�::: .. 4 0  0 .  ��·��.)E + 0 0  
:L O .. 0 0  �iB .. 0�5 0 .  4 7 [: +· 0 0  
1 0  .. 0 0  1 ::::: . [32 0 .  2 '"/ E: + O  l 
1 0  .. 0 0  7 .. 2 <:� 0 .  6 H E ·+· O :L 
1 0  .. 00 4 .. 92 0 .  1 ::::: E +· 0 2  
1 0  .. 0 0  ::::: . 68 0 . 2 1 E + 0 2  
1 0 .. 00 ::::. .. o ::::: o .. ::::.oE ·+· 0 2  
:1. 0 .. 0 0  �:;:� .. ��; 1 0 ,. �.=.:; :::;: [?. .. 1 .. 0 2 
1 0  .. 00 1 .. 9 ��: 0 .. B 1 E: + 0 2  
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EXAMPLE  2 .  OUTPU T FOR CALCULATED  FALL VELOC I TY BY THE  COMPUTER PROGRAM FOR S I XTEEN  
PART I CLE S I ZE S , S HAPE FACTOR EQUAL TO 0 . 30 ,  S P EC I F I C  GRAV I TY EQUAL TO 7 . 50 ,  
AND TEMPERATURE EQUAL T0 , 20°t .  
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EXAMPLE 3 .  OUTPUT FOR CALCULATED FALL VELOC I TY BY THE COMPUTER PROGRAM FOR S I XTEEN  
PART I CLES S I ZES , SHAP E FACTOR EQUAL TO 0 . 50 ,  SPEC I F I C  GRAV I TY EQUAL. TO  
4 . 50 ,  AND TEMP ERATURE EQUAL TO 30°C .  
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EXAMPLE 4 .  OUTPUT  FOR CALCULATED FALL VELOC I TY B Y  TH E COMPUTER  PROGRAM FOR S I XTEEN  
PART I CLE S I ZE S , SHAP E FACTOR EQUAL TO  0 . 60 ,  S P EC I F I C  GRAV ITY EQUAL TO 4 . 0 ,  
AND TEMP ERATURE EQUAL TO 40°C .  
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